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1
SUBSTITUTED PURINE AND
7-DEAZAPURINE COMPOUNDS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 13/310,157, filed Dec. 2, 2011, now allowed, which
claims priority to, and the benefit of, U.S. provisional appli-
cation No. 61/419,661, filed Dec. 3, 2010, the contents of
each of which are incorporated herein by reference in their
entireties.

BACKGROUND OF THE INVENTION

In eukaryotic cells, DNA is packaged with histones to form
chromatin. Approximately 150 base pairs of DNA are
wrapped twice around an octamer of histones (two each of
histones 2A, 2B, 3, and 4) to form a nucleosome, the basic
unit of chromatin. Changes in the ordered structure of chro-
matin can lead to alterations in transcription of associated
genes. This process is highly controlled because changes in
gene expression patterns can profoundly affect fundamental
cellular processes such as differentiation, proliferation, and
apoptosis. Control of changes in chromatin structure (and
hence of transcription) is mediated by covalent modifications
to histones, most notably of their N-terminal tails. These
modifications are often referred to as epigenetic because they
can lead to heritable changes in gene expression, but do not
affect the sequence of the DNA itself. Covalent modifications
(for example, methylation, acetylation, phosphorylation, and
ubiquitination) of the side chains of amino acids are enzy-
matically mediated.

The selective addition of methyl groups to specific amino
acid sites on histones is controlled by the action of a unique
family of enzymes known as histone methyltransferases
(HMTs). The level of expression of a particular gene is influ-
enced by the presence or absence of a methyl group at a
relevant histone site. The specific effect of a methyl group at
a particular histone site persists until the methyl group is
removed by a histone demethylase, or until the modified
histone is replaced through nucleosome turnover. In a like
manner, other enzyme classes can decorate DNA and histones
with other chemical species and still other enzymes can
remove these species to provide temporal control of gene
expression.

The orchestrated collection of biochemical systems behind
transcriptional regulation must be tightly controlled in order
for cell growth and differentiation to proceed optimally. Dis-
ease states result when these controls are disrupted by aber-
rant expression and/or activity of the enzymes responsible for
DNA and histone modification. In human cancers, for
example, there is a growing body of evidence to suggest that
dysregulated epigenetic enzyme activity contributes to the
uncontrolled cell proliferation associated with cancer as well
as other cancer-relevant phenotypes such as enhanced cell
migration and invasion. Beyond cancer, there is growing evi-
dence for a role of epigenetic enzymes in a number of other
human diseases, including metabolic diseases (such as dia-
betes), inflammatory diseases (such as Crohn’s disease), neu-
rodegenerative diseases (such as Alzheimer’s disease) and
cardiovascular diseases. Therefore, selectively modulating
the aberrant action of epigenetic enzymes holds great promise
for the treatment of a range of diseases.
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2

There is an ongoing need for new agents which modulate
the aberrant action of epigenetic enzymes. The present inven-
tion provides compounds that meet this need.

SUMMARY OF THE INVENTION

The invention provides compounds useful for modulating
the aberrant action of epigenetic enzymes. The present inven-
tion also provides pharmaceutically acceptable salts, esters,
and/or N-oxides, of these compounds.

In one aspect, the present invention features a substituted
purine or 7-deazapurine compound of Formula (I) below or a
pharmaceutically acceptable salt or ester thereof

@

R¢ Ry
Ro X Q
Ry \@
L A N
(R3)/ ™~ 7 Y O N
a <
\
Ry Rs ) [~ Rs N

$ % R;.

G T !

In this formula,

A is O or CH,;

each of G and J, independently, is H, halo, C(O)OH, C(O)
0O—C,-Cg alkyl or OR,, R, being H, C,-C; alkyl or C(O)—
C,-C; alkyl, wherein C(O)O—C,-C; alkyl, C,-C; alkyl or
C(0)—C,-C alkyl is optionally substituted with one or more
substituents selected from the group consisting ofhalo, cyano
hydroxyl, carboxyl, C,-C4 alkoxyl, amino, mono-C,-C alky-
lamino, di-C,-C, alkylamino, and C;-C, cycloalkyl;

Qis H,NH,,NHR,, NR,R_, R, or OR,, in which each of
R, andR_independently is C,-Cg alkyl, C,-C; alkenyl, C,-Cg
alkynyl, C;-Cg cycloalkyl, C4-C, 4 aryl, 4 to 7-membered het-
erocycloalkyl, 5 to 10-membered heteroaryl, or -M,-T, in
which M, is a bond or C,-Cy alkyl linker optionally substi-
tuted with halo, cyano, hydroxyl or C,-C, alkoxyl and T, is
C;-C4 cycloalkyl, C4-C, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 10-membered heteroaryl, or R, and R,
together with the N atom to which they attach, form 4 to
7-membered heterocycloalkyl having 0 or 1 additional het-
eroatoms to the N atom optionally substituted with C,-Cgq
alkyl, C,-C, alkenyl, C,-C, alkynyl, halo, hydroxyl, car-
boxyl, C(O)OH, C(O)0O—C,-C; alkyl, OC(0O)—C,-C; alkyl,
cyano, C,-Cg alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C; alkylamino, C;-C, cycloalkyl, C,-C,, aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and each of R,, R, and T, is optionally substituted
with one or more substituents selected from the group con-
sisting of C,-Cy alkyl, C,-Cq alkenyl, C,-C alkynyl, halo,
hydroxyl, carboxyl, cyano, C,-C, alkoxyl, amino, mono-C, -
Cs alkylamino, di-C,-Cy alkylamino, C;-Cg cycloalkyl,
Cs-Co aryl, 4 to 6-membered heterocycloalkyl, and 5 to
6-membered heteroaryl;

X is Nor CR,, in which R is H, halo, hydroxyl, carboxyl,
cyano, or R, R¢,; being amino, C,-C alkoxyl, C,-C, alkyl,
C,-Cg alkenyl, C,-Cg4 alkynyl, C;-Cg cycloalkyl, C-C aryl,
4 to 6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and R, being optionally substituted with one or
more substituents selected from the group consisting of halo,
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hydroxyl, carboxyl, cyano, C,-C, alkoxyl, amino, mono-C, -
Cs alkylamino, di-C,-C, alkylamino, C;-Cg cycloalkyl,
Cs-C,, aryl, 4 to 6-membered heterocycloalkyl, and 5 to
6-membered heteroaryl;

L, is N(Y), S, SO, or SO,;

L,is COorabsentwhenL is N(Y)orL, is absentwhen L,
is S, SO, or SO,, in whichY is H, R, SO,R;, or COR ; when
L, is absent, or Y is H or R, when L, is CO, R, being C,-Cy
alkyl, C,-Cg alkenyl, C,-C; alkynyl, C;-Cg cycloalkyl,
Cs-C,, aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl, and R, being optionally substituted
with one or more substituents selected from the group con-
sisting of C,-C; alkyl, C,-Cq alkenyl, C,-C alkynyl, halo,
hydroxyl, carboxyl, cyano, C,-C, alkoxyl, C,-C alkylsulfo-
nyl, amino, mono-C,-Cg alkylamino, di-C,-Cg alkylamino,
C,-Cq cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, and 5 to 6-membered heteroaryl and with C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 6-membered heterocycloalkyl,
or 5 to 6-membered heteroaryl further optionally substituted
with C,-C4 alkyl, C,-Cy alkenyl, C,-C, alkynyl, halo,
hydroxyl, carboxyl, C(O)OH, C(0)0—C,;-C4 alkyl,
OC(0)—C,-C; alkyl, cyano, C,-C, alkoxyl, amino, mono-
C,-C; alkylamino, di-C,-Cg alkylamino, C;-Cy cycloalkyl,
Cs-C,, aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl;

eachofR,R,,R;,R,, R, R, and R, independently, is H,
halo, hydroxyl, carboxyl, cyano, R, R, being amino, C,-Cg
alkoxyl, C,-C; alkyl, C,-Cg alkenyl, or C,-C alkynyl, and
each R, being optionally substituted with one or more sub-
stituents selected from the group consisting ofhalo, hydroxyl,
carboxyl, cyano, C,-C, alkoxyl, amino, mono-C,-C, alky-
lamino, di-C,-C alkylamino, C;-Cg cycloalkyl, C4-C,  aryl,
4 to 6-membered heterocycloalkyl, and 5 to 6-membered
heteroaryl;

Ry is H, halo or Rg;, R being C,-Cg alkyl, C,-Cy alkenyl,
or C,-C; alkynyl, and R; being optionally substituted with
one or more substituents selected from the group consisting
of halo, hydroxyl, carboxyl, cyano amino, C,-Cg4 alkoxyl,
mono-C,-C, alkylamino, di-C,-C, alkylamino, and C;-Cq

cycloalkyl;
R,
Ry N
\> %
Ry i
Ry

Ry is
Re
N Il{i
\>_N% > Or
N
H

Ry

Ry
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-continued

(€]
E JI\ ’
H

inwhicheachofR_, R4, R , and R;, independently is -M,-T,
in which M, is a bond, SO,, SO, S, CO, CO,, O, 0—C,-C,
alkyl linker, C,-C, alkyl linker, NH, or N(R,), R, being C,-C
alkyl, and T, is H, halo, or R, R, being C,-C, alkyl, C,-Cg
alkenyl, C,-C, alkynyl, C;-C, cycloalkyl, C,-C,, aryl, 4 to
8-membered heterocycloalkyl, or 5 to 10-membered het-
eroaryl, and each of O—C,-C, alkyl linker, C,-C, alkyl
linker, R,, and R, being optionally substituted with one or
more substituents selected from the group consisting of halo,
hydroxyl, carboxyl, cyano, C,-C, alkyl, C,-C, alkenyl, C,-Cg
alkynyl, C,-C, alkoxyl, amino, mono-C,-C4 alkylamino,
di-C,-C4 alkylamino, C;-Cq4 cycloalkyl, C,-C,,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered het-
eroaryl, R, is H or C, -C4 alkyl optionally substituted with one
or more substituents selected from the group consisting of
halo, hydroxyl, carboxyl, cyano, C,-C4 alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-C,
cycloalkyl, C4-C, aryl, 4 to 6-membered heterocycloalkyl,
and 5 to 6-membered heteroaryl, D is O, NR, or CR R;, each
of R; and R, independently being H or C,-Cj alkyl, or R; and
R, taken together, with the carbon atom to which they are
attached, form a C;-C,, cycloalkyl ring, and E is -M;-T5, M,
being a bond or C, -C alky] linker optionally substituted with
halo or cyano, T; being C;-C, , cycloalkyl, C,-C, aryl, 5 to
10-membered heteroaryl, or 4 to 10-membered heterocy-
cloalkyl, and T, being optionally substituted with one or more
substituents selected from the group consisting of halo,
hydroxyl, thiol, carboxyl, cyano, nitro, C,-C, alkyl, C,-Cg
alkenyl, C,-Cy alkynyl, C,-C4 alkoxyl, C,-C4 haloalkyl,
C,-C¢ haloalkoxyl, C,-C, alkylthio, C,-C, alkylsulfonyl,
C,-Cghaloalkylsulfonyl, C,-Calkylcarbonyl, C, -C, alkoxy-
carbonyl, oxo, amino, mono-C,-C, alkylamino, di-C,-Cq
alkylamino, C;-C4 cycloalkyl, C,-C,, alkylcycloalkyl,
Cs-C,g aryl, C4-C,  aryloxyl, C,-C, , alkylaryl, C,-C,, ami-
noaryloxyl, C,-C,, arylthio, 4 to 6-membered heterocy-
cloalkyl optionally substituted with halo, C,-C, alkyl, C,-C,
haloalkyl, 5 to 6-membered heteroaryl optionally substituted
with halo, C,-C, alkyl, and C,-C, alkyl that is substituted
with hydroxy, halo, C,-C, alkoxycarbonyl, C;-C, cycloalkyl,
Cs-Cyp aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl optionally further substituted with
halo, hydroxyl, or C,-C, alkoxyl;

qis0,1,2,3,0r4;

mis 0, 1, or2; and

nis0, 1, or 2.

One subset of the compounds of Formula (I) includes those
of Formula (I):

an

Another subset of the compounds of Formula (I) includes
those of Formula (I11a), (I1Tb) or (Ilc):
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R,
Ry
R¢
Ry
Re
R¢ R;
Rf N R;

G T

The compounds of Formulae (1), (II), (Illa), (I1Ib), (Illc)
and (IV) can include one or more of the following features.

The sum of m and n is at least 1.

mislor2andnisO.

mis2andnis O.

A is CH,.

Ais O.

L, is N(Y).

L, is SO or SO,.

Yis R,

R,is C;-Cg alkyl.

L, is absent.

Atleastone of R, R, R, and R, is halo (such as F, Cl, and
Br), C,-C, alkoxyl optionally substituted with one or more
halo (such as OCH;, OCH,CH;, O-iPr, and OCF;), C,-Cq
alkylsulfonyl optionally substituted with one or more halo
(such as SO,CF,), or C,-C alkyl optionally substituted with
one or more halo (such as CH;, i-Pr, t-Bu, and CF;).

R, is Hor C,-C alkyl.

Ry is
“~ l{
H
Dis O.

DisNR, e.g., NH.

Dis CR Ry, e.g., CH,, CHCH;, or C(CH,),.

Eis-M,-T,,in which M; isabond or C, -C; alkyl linker, T,
is phenyl, naphthyl, thienyl, cyclopropyl, or cyclohexyl, and
T, is optionally substituted with one or more substituents
selected from the group consisting of halo, hydroxyl, thiol,
carboxyl, cyano, nitro, C,-Cq4 alkyl, C,-C alkenyl, C,-Cq

40

45

50

60

65

(I1Ta)

(IIIb)

(1llo)

alkynyl, C,-C, alkoxyl, C,-C, haloalkyl, C,-C haloalkoxyl,
C,-C; alkylthio, C,-C4 alkylsulfonyl, C,-C4 alkylcarbonyl,
C,-C, alkoxycarbonyl, oxo, amino, mono-C, -C alkylamino,
di-C,-C4 alkylamino, C;-Cg4 cycloalkyl, C,-C,, alkylcy-
cloalkyl, C4-C,, aryl, C4-C,,, aryloxyl, C,-C,, alkylaryl,
C¢-C, o aminoaryloxyl, C4-C, , arylthio, 4 to 6-membered het-
erocycloalkyl optionally substituted with C,-C, alkyl, 5 to
6-membered heteroaryl optionally substituted with C,-C,
alkyl, and C,-C alkyl that is substituted with hydroxy, C,-Cq
alkoxycarbonyl, C;-Cg cycloalkyl, C4-C, , aryl, 4 to 6-mem-
bered heterocycloalkyl, or 5 to 6-membered heteroaryl.

T, is phenyl optionally substituted with one or more sub-
stituents selected from the group consisting ofhalo, hydroxyl,
carboxyl, cyano, nitro, C,-C, alkyl, C,-C, alkoxyl, C,-Cq
haloalkyl, C,-Cq haloalkoxyl, C,-Cy alkylsulfonyl, C,-C,,
aryl, and C4-C,, aryloxyl, and C,-C, , alkylaryl.

X is N.

XisCR,,e.g.,CH.

QisNH,orNHR,,inwhichR, is -M,-T,, M, beinga bond
or C,-Cq alkyl linker and T, being C;-C, cycloalkyl.

Qis H.

Ry is

Re
Ry N
\ or
N
Ry H
Ry
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-continued
Ry N R;
|
>
N
R¢ H

Ry

AtleastoneofR,, R4 R, and R, is selected from the group
consisting of F, Cl, CF;, OCF;, SO,CF,, C,-C, alkyl, and
C,-C, alkoxyl.

R, R,, R;, Ry, Ry, R, R, and R, are each H.

The invention also relates to a compound of Formula (IV)
or its N-oxide or a pharmaceutically acceptable salt thereof:

av)

R,
Ry N Ry X Q
> O
T
Ry Y — _<
HO  OH Ry,

wherein, A is O or CH,;

Qis H, NH,, NHR,, NR,R_, OH, R,, or OR,, in which each
of R, and R independently is C,-C4 alkyl, C,-C alkenyl,
C,-C; alkynyl, C;-Cy cycloalkyl, C4-C, aryl, 4 to 7-mem-
bered heterocycloalkyl, 5 to 10-membered heteroaryl, or
-M,-T, inwhich M, is a bond or C, -C alkyl linker optionally
substituted with halo, cyano, hydroxyl or C,-C, alkoxyl and
T, is C;-C, cycloalkyl, C4-C,  aryl, 4 to 6-membered hetero-
cycloalkyl, or 5 to 10-membered heteroaryl, or R, and R,
together with the N atom to which they attach, form 4 to
7-membered heterocycloalkyl having 0 or 1 additional het-
eroatoms to the N atom optionally substituted with C,-Cgq
alkyl, C,-C, alkenyl, C,-C, alkynyl, halo, hydroxyl, car-
boxyl, C(O)OH, C(O)O—C,-C; alkyl, OC(O)—C,-C, alkyl,
cyano, C,-Cy alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C; alkylamino, C5-Cq4 cycloalkyl, C4-C,,, aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and each of R,, R, and T, is optionally substituted
with one or more substituents selected from C,-Cg alkyl,
C,-C, alkenyl, C,-Cy alkynyl, halo, hydroxyl, carboxyl,
cyano, C,-Cy alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C; alkylamino, C5-Cq4 cycloalkyl, C4-C,,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered het-
eroaryl;

X is N or CR, in which R, is H, halo, hydroxyl, carboxyl,
cyano, or Rg,, R, being amino, C,-C alkoxyl, C,-C, alkyl,
C,-Cg alkenyl, C,-C; alkynyl, C,;-Cq cycloalkyl, C,-C, , aryl,
4 to 6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and R, being optionally substituted with one or
more substituents selected from halo, hydroxyl, carboxyl,
cyano, C,-Cy alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C; alkylamino, C;-Cq cycloalkyl, C,-C,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered het-
eroaryl;

Yis H, R, SO,R,, or COR R, being C,-C; alkyl, C,-Cg
alkenyl, C,-C; alkynyl, C;-Cq cycloalkyl, C¢-C, ) aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and R ; being optionally substituted with one or more
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8

substituents selected from C, -Cq alkyl, C,-C, alkenyl, C,-Cg
alkynyl, halo, hydroxyl, carboxyl, cyano, C,-C, alkoxyl,
C,-C; alkylsulfonyl, amino, mono-C,-Cg alkylamino, di-C, -
C, alkylamino, C;-C, cycloalkyl, C4-C,, aryl, 4 to 6-mem-
bered heterocycloalkyl, and 5 to 6-membered heteroaryl and
with C;-Cg cycloalkyl, C4-C,  aryl, 4 to 6-membered hetero-
cycloalkyl, or 5 to 6-membered heteroaryl further optionally
substituted with C,-C alkyl, C,-C; alkenyl, C,-C, alkynyl,
halo, hydroxyl, carboxyl, C(O)OH, C(O)O—C,-C, alkyl,
OC(0)—C,-C; alkyl, cyano, C,-C, alkoxyl, amino, mono-
C,-C; alkylamino, di-C,-C alkylamino, C;-C4 cycloalkyl,
Cs-Cio aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl;

each of R, and R, independently, is H, halo, hydroxyl, car-
boxyl, cyano, Rg,, Ry, being amino, C,-C, alkoxyl, C,-Cq
alkyl, C,-C; alkenyl, or C,-C4 alkynyl, and each R, being
optionally substituted with one or more substituents selected
from halo, hydroxyl, carboxyl, cyano, C,-C alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 6-membered heterocycloalkyl,
and 5 to 6-membered heteroaryl;

each of R, Ry R,, and R, independently is -M,-T,, in
which M, is a bond, SO,, SO, S, CO, CO,0, O—C,-C, alkyl
linker, C,-C, alkyl linker, NH, or N(R,), R, being C,-Cg alkyl,
and T, is H, halo, or Rg,, R, being C,-C, alkyl, C,-Cq
alkenyl, C,-C; alkynyl, C;-Cy cycloalkyl, C¢-C,, aryl, 4 to
8-membered heterocycloalkyl, or 5 to 10-membered het-
eroaryl, and each of O—C,-C, alkyl linker, C,-C, alkyl
linker, R,, and R, being optionally substituted with one or
more substituents selected from halo, hydroxyl, carboxyl,
cyano, C,-Cy alkyl, C,-C4 alkenyl, C,-C alkynyl, C,-Cq
alkoxyl, amino, mono-C,-C; alkylamino, di-C,-C, alky-
lamino, C;-Cg cycloalkyl, C4-C, aryl, 4 to 6-membered het-
erocycloalkyl, and 5 to 6-membered heteroaryl, and
mis 0, 1, or 2.

For example, A is O. In certain compounds of Formula
(IV),Ais O and m is 2.

In certain compounds of Formula (IV), X is N.

For example, in certain compounds, Q is NH, or NHR,, in
which R, is -M,-T,, M, being a bond or C,-C; alkyl linker
and T, being C;-C, cycloalkyl

For example, in certain compounds of Formula (IV), R,
and R, are each H.

In certain compounds of Formula (IV), Y is R, For
example, R ;is C,-C, alkyl optionally substituted with C5-Cq
cycloalkyl or halo. For example, R, is C;-Cg cycloalkyl
optionally substituted with C,-C alkyl or halo.

The invention also relates to a compound of Formula (IV),
wherein at least one of R,, R, R, and R, is halo, C,-Cs
alkoxyl optionally substituted with one or more halo; C,-Cyq
alkylsulfonyl optionally substituted with one or more halo;
C,-C; alkyl optionally substituted with one or more substitu-
ents selected from CN, halo, C,-C, cycloalkyl, hydroxy, and
C,-C; alkoxyl; C5-Cq cycloalkyl optionally substituted with
one or more C,-C alkyl or CN; or 4 to 8-membered hetero-
cycloalkyl optionally substituted with one or more substitu-
ents selected from CN, halo, hydroxy, C,-C alkyl and C,-Cg
alkoxyl. For example, the compound of Formula (IV) has at
least one of R, R R,, and R, selected from F; CI; Br; CF;
OCF;; SO,CF;; oxetanyl optionally substituted with one or
more substituents selected from CN, halo, hydroxy, C,-Cg
alkyl and C,-C; alkoxyl; C;-C, cycloalkyl optionally substi-
tuted with one or more substituents selected from C,-C,
alkyl; and C, -C, alkyl optionally substituted with one or more
substituents selected from halo, C;-Cy cycloalkyl, hydroxy
and C,-C4 alkoxyl.
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For example, the invention relates to compounds of For-
mula (IV) where at least one of R .and R, is alkyl, optionally
substituted with hydroxyl. For example, the invention relates
to compounds where at least one of R, and R, is t-butyl
substituted with hydroxyl.

The invention relates to a compound selected from Com-
pounds 1-140. The invention also relates to a salt of a com-
pound selected from Compounds 1-140. The invention also
relates to an N-oxide of compound selected from Compounds
1-140. The invention also relates to a salt of an N-oxide of
compound selected from Compounds 1-140. For example,
the invention relates to a compound selected from Com-
pounds 1-7, 9-109, and 111-140.

The invention also relates to a pharmaceutical composition
of a therapeutically effective amount of a compound of For-
mula (IV) and a pharmaceutically acceptable carrier.

The invention also relates to a pharmaceutical composition
of a therapeutically effective amount of a salt of a compound
of Formula (IV) and a pharmaceutically acceptable carrier.

The invention also relates to a pharmaceutical composition
of a therapeutically effective amount of a hydrate of a com-
pound of Formula (IV) and a pharmaceutically acceptable
carrier.

The invention also relates to a pharmaceutical composition
of a therapeutically effective amount of'a compound selected
from Compounds 1-140 and a pharmaceutically acceptable
carrier. The invention also relates to a pharmaceutical com-
position of a therapeutically effective amount of a salt of a
compound selected from Compounds 1-140 and a pharma-
ceutically acceptable carrier. The invention also relates to a
pharmaceutical composition of a therapeutically effective
amount of an N-oxide of a compound selected from Com-
pounds 1-140 and a pharmaceutically acceptable carrier. The
invention also relates to a pharmaceutical composition of a
therapeutically effective amount of an N-oxide of salt of a
compound selected from Compounds 1-140 and a pharma-
ceutically acceptable carrier. The invention also relates to a
pharmaceutical composition of a therapeutically effective
amount of a hydrate of a compound selected from Com-
pounds 1-140 and a pharmaceutically acceptable carrier.

The present invention provides pharmaceutical composi-
tions comprising one or more compounds of Formula (1), (1),
(Il1a), (11Ib), (Illc) or (IV), and one or more pharmaceutically
acceptable carriers.

The present invention provides methods of treating or pre-
venting cancer. The present invention provides methods of
treating cancer. The present invention also provides methods
of'preventing cancer. The method includes administering to a
subject in need thereof a therapeutically effective amount of
the compound of Formula (I), (I), (Illa), (IIIb), or (Illc). The
cancer can be a hematological cancer. Preferably, the cancer
is leukemia. More preferably, the cancer is acute myeloid
leukemia, acute lymphocytic leukemia or mixed lineage leu-
kemia.

The present invention provides methods of treating or pre-
venting a disease or disorder mediated by translocation of a
gene on chromosome 11q23. The present invention provides
methods of treating a disease or disorder mediated by trans-
location of a gene on chromosome 11q23. The present inven-
tion also provides methods of preventing a disease or disorder
mediated by translocation of a gene on chromosome 11q23.
The method includes administering to a subject in need
thereof a therapeutically effective amount of the compound of
Formula (1), (IT), (Il1a), (I1Ib), (I1Ic) or (IV).

The present invention provides methods of treating or pre-
venting a disease or disorder in which DOT1-mediated pro-
tein methylation plays a part or a disease or disorder mediated
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by DOT1-mediated protein methylation. The present inven-
tion provides methods of treating a disease or disorder in
which DOT1-mediated protein methylation plays a part or a
disease or disorder mediated by DOT1-mediated protein
methylation. The present invention also provides methods of
preventing a disease or disorder in which DOT1-mediated
protein methylation plays a part or a disease or disorder
mediated by DOT1-mediated protein methylation. The
method includes administering to a subject in need thereof a
therapeutically effective amount of the compound of Formula
D, D, (ITa), (1IIb), (IIc) or IV).

The present invention provides methods of inhibiting
DOT1L activity in a cell. The method includes contacting the
cell with an effective amount of one or more of the compound
of Formula (1), (II), (IlTa), (I1Ib), (1llc) or (IV).

Still another aspect of the invention relates to a method of
reducing the level of Histone H3 Lysine residue 79 (H3-K79)
methylation in a cell. The method includes contacting a cell
with a compound of the present invention. Such method can
be used to ameliorate any condition which is caused by or
potentiated by the activity of DOT1 through H3-K79 methy-
lation.

The present invention relates to use of the compounds
disclosed herein in preparation of a medicament for treating
or preventing cancer. The use includes a compound of For-
mula (1), (1), (Il1a), (I1Ib), (I1Ic) or (IV) for administration to
asubjectin need thereofin a therapeutically effective amount.
The cancer can be a hematological cancer. Preferably, the
cancer is leukemia. More preferably, the cancer is acute
myeloid leukemia, acute lymphocytic leukemia or mixed lin-
eage leukemia.

The present invention provides use of the compounds dis-
closed herein in preparation of a medicament for treating or
preventing a disease or disorder mediated by translocation of
a gene on chromosome 11g23. The use includes a compound
of Formula (1), (I), (IlTa), (I1Ib), (Illc) or (IV) for adminis-
tration to a subject in need thereof in a therapeutically effec-
tive amount.

The present invention provides use of the compounds dis-
closed herein in preparation of a medicament for treating or
preventing a disease or disorder in which DOT1-mediated
protein methylation plays a part or a disease or disorder
mediated by DOT1-mediated protein methylation. The use
includes a compound of Formula (1), (I), (Il1a), (I1Ib), (Illc)
or (IV) for administration to a subject in need thereof in a
therapeutically effective amount.

The present invention provides use of the compounds dis-
closed herein for inhibiting DOT1L activity in a cell. The use
includes contacting the cell with an effective amount of one or
more of the compound of Formula (1), (IT), (I11a), (I1Ib), (Illc)
or (IV).

Still another aspect of the invention relates to a use of the
compounds disclosed herein for reducing the level of Histone
H3 Lysine residue 79 (H3-K79) methylation in a cell. The use
includes contacting a cell with a compound of the present
invention. Such use can ameliorate any condition which is
caused by or potentiated by the activity of DOT1 through
H3-K79 methylation.

In the formulae presented herein, the variables can be
selected from the respective groups of chemical moieties later
defined in the detailed description.

In addition, the invention provides methods of synthesiz-
ing the foregoing compounds. Following synthesis, a thera-
peutically effective amount of one or more of the compounds
can be formulated with a pharmaceutically acceptable carrier
for administration to a mammal, particularly humans, for use
in modulating an epigenetic enzyme. In certain embodiments,
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the compounds of the present invention are useful for treating,
preventing, or reducing the risk of cancer or for the manufac-
ture of a medicament for treating, preventing, or reducing the
risk of cancer. Accordingly, the compounds or the formula-
tions can be administered, for example, via oral, parenteral,
otic, ophthalmic, nasal, or topical routes, to provide an effec-
tive amount of the compound to the mammal.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. In the specification, the singular forms also include
the plural unless the context clearly dictates otherwise.
Although methods and materials similar or equivalent to
those described herein can be used in the practice or testing of
the present invention, suitable methods and materials are
described below. All publications, patent applications, pat-
ents and other references mentioned herein are incorporated
by reference. The references cited herein are not admitted to
be prior artto the claimed invention. In the case of conflict, the
present specification, including definitions, will control. In
addition, the materials, methods and examples are illustrative
only and are not intended to be limiting.

Other features and advantages of the invention will be
apparent from the following detailed description and claims.

DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B are respectively a table and a plot dem-
onstrating the potency and selectivity of the anti-proliferative
activity of Compound 2 using a panel of MLL-rearranged and
non-MLL-rearranged human leukemia cell lines. The cell
lines used in the study are listed in FIG. 1A

FIG. 2 is a plot showing the tumor growth over 21 days of
dosing.

FIG. 3A is a plot showing the estimated steady state plasma
concentrations of Compound 2 in Groups 4 and 5 as deter-
mined by the averaged blood samples taken on days 7, 14 and
21.

FIG. 3B is a plot showing the Compound 2 plasma con-
centrations plotted against time after ip injection.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a family of compounds that
can be used to selectively modulate the aberrant action of an
epigenetic enzyme. Further, the compounds can be used to
treat or prevent a disease state in a mammal caused or medi-
ated by aberrant action of an epigenetic enzyme. The present
invention includes pharmaceutically acceptable salts, esters,
tautomers, and N-oxides of these compounds.

The present invention provides novel substituted purine
and 7-deazapurine compounds, synthetic methods for mak-
ing the compounds, pharmaceutical compositions containing
them and various uses of the compounds.

1. SUBSTITUTED PURINE COMPOUNDS AND
SUBSTITUTED 7-DEAZAPURINE COMPOUNDS

The present invention provides the compounds of
Formula (I):
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@

R¢ Ry

Ry

A N
(R3)/ LZ\LI//\“’&/
q
\
Rs Rs Rg

Ry

$ 2 Ry,
G 7 !
ora
pharmaceutically acceptable salt or ester thereof, wherein:
A is O or CH,;

each of G and J, independently, is H, halo, C(O)OH, C(O)
O0—C,-Cgalkyl or OR , R, being H, C,-C, alkyl or C(O)—
C,-C; alkyl, wherein C(O)O—C,-C; alkyl, C,-C; alkyl or
C(0)—C,-Cgalkyl is optionally substituted with one or more
substituents selected from the group consisting ofhalo, cyano
hydroxyl, carboxyl, C,-C4 alkoxyl, amino, mono-C,-C alky-
lamino, di-C,-C, alkylamino, and C;-C, cycloalkyl;

Qis H,NH,,NHR,, NR,R_, R, or OR,, in which each of
R, andR_independently is C,-Cg alkyl, C,-C; alkenyl, C,-Cg
alkynyl, C;-Cg cycloalkyl, C4-C, 4 aryl, 4 to 7-membered het-
erocycloalkyl, 5 to 10-membered heteroaryl, or -M,-T, in
which M, is a bond or C,-Cy alkyl linker optionally substi-
tuted with halo, cyano, hydroxyl or C,-C, alkoxyl and T is
C;-C4 cycloalkyl, C4-C, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 10-membered heteroaryl, or R, and R,
together with the N atom to which they attach, form 4 to
7-membered heterocycloalkyl having 0 or 1 additional het-
eroatoms to the N atom optionally substituted with C,-Cq
alkyl, C,-Cy alkenyl, C,-C4 alkynyl, halo, hydroxyl, car-
boxyl, C(O)OH, C(O)O—C,-C, alkyl, OC(O)—C,-C, alkyl,
cyano, C,-Cg alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C4 alkylamino, C;-Cq4 cycloalkyl, C,-C,,, aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and each of R,, R, and T, is optionally substituted
with one or more substituents selected from the group con-
sisting of C,-C; alkyl, C,-C, alkenyl, C,-Cq alkynyl, halo,
hydroxyl, carboxyl, cyano, C,-C, alkoxyl, amino, mono-C, -
Cs alkylamino, di-C,-Cy alkylamino, C;-Cg cycloalkyl,
Cs-Co aryl, 4 to 6-membered heterocycloalkyl, and 5 to
6-membered heteroaryl;

X is Nor CR,, in which R is H, halo, hydroxyl, carboxyl,
cyano, or R, R, being amino, C,-C, alkoxyl, C,-Cq alkyl,
C,-Cg alkenyl, C,-Cg4 alkynyl, C;-Cg cycloalkyl, C-C aryl,
4 to 6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and R, being optionally substituted with one or
more substituents selected from the group consisting of halo,
hydroxyl, carboxyl, cyano, C,-C, alkoxyl, amino, mono-C, -
Cs alkylamino, di-C,-Cy alkylamino, C;-Cg cycloalkyl,
Cs-C,p aryl, 4 to 6-membered heterocycloalkyl, and 5 to
6-membered heteroaryl;

L, is N(Y), S, SO, or SO,;

L,isCOorabsentwhenL, is N(Y)orL, is absent when L,
is S, SO, or SO,, in which Y is H, R ;, SO,R ,, or COR ; when
L, is absent, or Y is H or R, when L, is CO, R ; being C,-Cy
alkyl, C,-C, alkenyl, C,-C, alkynyl, C;-Cg cycloalkyl,
Cs-Cyp aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl, and R, being optionally substituted
with one or more substituents selected from the group con-
sisting of C,-C; alkyl, C,-C, alkenyl, C,-Cq alkynyl, halo,
hydroxyl, carboxyl, cyano, C,-Cg alkoxyl, C,-C alkylsulfo-
nyl, amino, mono-C,-Cg alkylamino, di-C,-Cg alkylamino,
C;-C4 cycloalkyl, C4-C, aryl, 4 to 6-membered heterocy-
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cloalkyl, and 5 to 6-membered heteroaryl and with C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 6-membered heterocycloalkyl,
or 5 to 6-membered heteroaryl further optionally substituted
with C,-C4 alkyl, C,-Cy alkenyl, C,-C, alkynyl, halo,
hydroxyl, carboxyl, C(O)OH, C(0)0—C,;-C4 alkyl,
OC(0)—C,-C; alkyl, cyano, C,-C, alkoxyl, amino, mono-
C,-Cq alkylamino, di-C,-C alkylamino, C;-C4 cycloalkyl,
Cs-Cp aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl;

eachofR |, R,, R, R, Ry, R, and R, independently, is H,
halo, hydroxyl, carboxyl, cyano, R, R, being amino, C,-Cg
alkoxyl, C,-C alkyl, C,-C; alkenyl, or C,-C alkynyl, and
each R, being optionally substituted with one or more sub-
stituents selected from the group consisting ofhalo, hydroxyl,
carboxyl, cyano, C,-Cg4 alkoxyl, amino, mono-C,-C alky-
lamino, di-C,-C alkylamino, C;-Cg cycloalkyl, C4-C,  aryl,
4 to 6-membered heterocycloalkyl, and 5 to 6-membered
heteroaryl;

Ry is H, halo or R, Rg; being C,-C; alkyl, C,-C, alkenyl,
or C,-C, alkynyl, and R ¢, being optionally substituted with
one or more substituents selected from the group consisting
of halo, hydroxyl, carboxyl, cyano amino, C,-Cg4 alkoxyl,
mono-C,-C, alkylamino, di-C,-C, alkylamino, and C;-Cq
cycloalkyl;

Ry is
R,
Ry N
N
Rg H
Ry
R,
Ry N R;
|
\>— N > or
N
Rg H

Ry,
(€]
NN
A
H
in which each of R,, R; R, and R,,, independently is -M,-T,
in which M, is a bond, SO,, SO, S, CO, CO,, O, 0—C,-C,
alkyl linker, C,-C, alkyl linker, NH, or N(R,), R, being C,-Cy
alkyl, and T, is H, halo, or R, R, being C,-C; alkyl, C,-Cyq
alkenyl, C,-C; alkynyl, C;-Cq cycloalkyl, C¢-C, ) aryl, 4 to
8-membered heterocycloalkyl, or 5 to 10-membered het-
eroaryl, and each of O—C,-C, alkyl linker, C,-C, alkyl
linker, R,, and R, being optionally substituted with one or
more substituents selected from the group consisting of halo,
hydroxyl, carboxyl, cyano, C,-C, alkyl, C,-Cg alkenyl, C,-Cg
alkynyl, C,-Cy alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C; alkylamino, C5-Cq4 cycloalkyl, C4-C,,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered het-
eroaryl, R, is H or C,-C alkyl optionally substituted with one
or more substituents selected from the group consisting of
halo, hydroxyl, carboxyl, cyano, C,-C, alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cq
cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocycloalkyl,
and 5 to 6-membered heteroaryl, D is O, NR, or CR R, each
of R; and R, independently being H or C,-C alkyl, or R; and
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R, taken together, with the carbon atom to which they are
attached, form a C;-C,, cycloalkyl ring, and E is -M;-T;, M,
being a bond or C,-C alkyl linker optionally substituted with
halo or cyano, T being C;-C, , cycloalkyl, C,-C,, aryl, 5 to
10-membered heteroaryl, or 4 to 10-membered heterocy-
cloalkyl, and T; being optionally substituted with one or more
substituents selected from the group consisting of halo,
hydroxyl, thiol, carboxyl, cyano, nitro, C,-C, alkyl, C,-C
alkenyl, C,-C, alkynyl, C,-C4 alkoxyl, C,-C, haloalkyl,
C,-Cq haloalkoxyl, C,-C4 alkylthio, C,-C, alkylsulfonyl,
C,-Cghaloalkylsulfonyl, C,-Cgalkylcarbonyl, C,-C, alkoxy-
carbonyl, oxo, amino, mono-C,-Cy alkylamino, di-C,-Cq
alkylamino, C;-Cg cycloalkyl, C,-C,, alkylcycloalkyl,
Cy-Cp aryl, Cs-C,  aryloxyl, C,-C, , alkylaryl, C,-C,, ami-
noaryloxyl, Cs-C,,, arylthio, 4 to 6-membered heterocy-
cloalkyl optionally substituted with halo, C,-C, alkyl, C,-C,
haloalkyl, 5 to 6-membered heteroaryl optionally substituted
with halo, C,-C, alkyl, and C,-C, alkyl that is substituted
with hydroxy, halo, C,-C, alkoxycarbonyl, C;-Cg cycloalkyl,
Cs-Cio aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl optionally further substituted with
halo, hydroxyl, or C,-C, alkoxyl;

qis0,1,2,3,0r4;

mis 0, 1, or2; and

nis0, 1, or 2.

For example, the sum of in and n is at least 1.

For example, mis 1 or2 and n is O.

For example, m is 2 and n is 0

For example, A is CH,.

For example, A is O.

For example, L, is N(Y).

For example, L, is SO or SO,.

For example, Y is R .

For example, R ;is C,-Cg alkyl.

For example, L., is absent.

For example, each of G and J independently is OR,

For example, R, is H.

For example, R, is

a*

Re
Ry N
N
R¢ H
Ry,
For example, R, is
Re
Ry N Il{i
H—
N
R¢ H
Ry,

For example, at leastone of R, R, R, and R, is halo (such
as F, Cl, and Br), C,-C, alkoxyl optionally substituted with
one or more halo (such as OCH,, OCH,CH;, O-iPr, and
OCF,), C,-C alkylsulfonyl optionally substituted with one
or more halo (such as SO,CF;), or C,-C, alkyl optionally
substituted with one or more halo (such as CH,, i-propyl,
n-butyl, and CF;).



For example, R, is H or C,-C; alkyl (e.g., methyl, ethyl,
n-propyl, i-propyl, n-butyl, s-butyl, t-butyl, n-pentyl, s-pentyl

and n-hexyl).
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For example,
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-continued
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-continued
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LI
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N N
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FsC N N
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F N N
F
N
jges
C,Hs0 N
F N
\> g_
F it
F

For example, R, is

o]
H

For example, D is O.

For example, D is NR,.

For example, R; is H.

For example, D is CRR,.

For example, each of R, and R, is H.

For example, E is -M,-T;, in which M; is a bond or C,-C,
alkyl linker, T; is phenyl, naphthyl, thienyl, cyclopropyl, or
cyclohexyl, and T; is optionally substituted with one or more
substituents selected from the group consisting of halo,
hydroxyl, thiol, carboxyl, cyano, nitro, C,-C, alkyl, C,-Cg
alkenyl, C,-C, alkynyl, C,-C4 alkoxyl, C,-C4 haloalkyl,
C,-C¢ haloalkoxyl, C,-C, alkylthio, C,-C, alkylsulfonyl,
C,-C; alkylcarbonyl, C,-C, alkoxycarbonyl, oxo, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cq
cycloalkyl, C,-C, , alkylcycloalkyl, C(-C, , aryl, C4-C,, ary-
loxyl, C,-C,, alkylaryl, C4C,, aminoaryloxyl, C,-C,,
arylthio, 4 to 6-membered heterocycloalkyl optionally sub-
stituted with C, -C, alkyl, 5 to 6-membered heteroaryl option-
ally substituted with C,-C, alkyl, and C,-C; alkyl that is
substituted with hydroxy, C,-C, alkoxycarbonyl, C;-Cq
cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocycloalkyl,
or 5 to 6-membered heteroaryl.

For example, T; is phenyl optionally substituted with one
or more substituents selected from the group consisting of
halo, hydroxyl, carboxyl, cyano, nitro, C,-C, alkyl (e.g.,
methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, t-butyl,

w

10

35

40

45

50

55

60

65

18
n-pentyl, s-pentyl and n-hexyl), C,-C, alkoxyl, C,-Cq
haloalkyl, C,-C haloalkoxyl, C,-C, alkylsulfonyl, C;-C,,,
aryl (e.g., phenyl or naphthyl), and C,-C,, aryloxyl, and
C,-C,, alkylaryl.
For example, E is

e
£
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-continued

For example, X is N.

For example, X is CR,.

For example, X is CH.

Forexample,Qis NH, or NHR,, in which R, is -M,-T,, M,
being a bond or C,-C, alkyl linker and T, being C;-C,
cycloalkyl.

For example, Q is H.

For example, R, R,, R5, R, R, R, R, and Ry are each H.

For example, when Ry is halo and is attached to the same
carbon atom as J, then J is not hydroxyl.

For example, when Ry is halo and is attached to the same
carbon atom as G, then G is not hydroxyl.

For example, T, is not halo when M, is SO,, SO, S, CO or
0.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a heteroatom.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a N atom.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a C atom.

The present invention provides the compounds of Formula

1D):

an
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or a pharmaceutically acceptable salt or ester thereof,
wherein:

Ais O or CH,;

Qis H, NH,, NHR,, NR,R_, R, or OR,, in which each of
R, and R, independently is C,-C4 alkyl, C,-C alkenyl,
C,-Cy alkynyl, C;-Cg cycloalkyl, C4-C,, aryl, 4 to
7-membered heterocycloalkyl, 5 to 10-membered het-
eroaryl, or -M,-T, in which M, is abond or C,-C, alkyl
linker optionally substituted with halo, cyano, hydroxyl,
or C,-Cg alkoxyl and T, is C;-Cy cycloalkyl, C4-C,
aryl, 4 to 6-membered heterocycloalkyl, or 5 to 10-mem-
bered heteroaryl, or R, and R, together with the N atom
to which they attach, form 4 to 7-membered heterocy-
cloalkyl having O or 1 additional heteroatoms to the N
atom optionally substituted with C,-C; alkyl, C,-C, alk-
enyl, C,-C, alkynyl, halo, hydroxyl, carboxyl, C(O)OH,
C(O)0O—C,-C4 alkyl, OC(O)—C,-C, alkyl, cyano,
C,-C; alkoxyl, amino, mono-C,-C alkylamino, di-C, -
Cs alkylamino, C;-Cy cycloalkyl, C4-C,, aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and each of R, R, and T, is optionally substi-
tuted with one or more substituents selected from the
group consisting of C,-C; alkyl, C,-C, alkenyl, C,-Cq
alkynyl, halo, hydroxyl, carboxyl, cyano, C,-C alkoxyl,
amino, mono-C,-C, alkylamino, di-C,-C, alkylamino,
C;-C4 cycloalkyl, C4-C 4 aryl, 4 to 6-membered hetero-
cycloalkyl, and 5 to 6-membered heteroaryl;

X is N or CR,, in which R _ is H, halo, hydroxyl, carboxyl,
cyano, or Rg,, Rg; being amino, C,-C, alkoxyl, C,-Cg
alkyl, C,-Cq alkenyl, C,-C; alkynyl, C,-C, cycloalkyl,
Cs-C,p aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl, and Ry, being optionally sub-
stituted with one or more substituents selected from the
group consisting of halo, hydroxyl, carboxyl, cyano,
C,-C alkoxyl, amino, mono-C,-C, alkylamino, di-C, -
Cs alkylamino, C;-Cy cycloalkyl, C4-C,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered
heteroaryl;

L, is N(Y), S, SO, or SO,;

L,isCOorabsentwhenL, is N(Y)orL, isabsentwhenL,
is S, SO, or SO,, in which Y is H, R ;, SO,R ;, or COR,,
when L, is absent, or Y is H or R, when L, is CO, R,
being C,-C; alkyl, C,-C; alkenyl, C,-C alkynyl, C5-Cq
cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 6-membered heteroaryl, and R ; being
optionally substituted with one or more substituents
selected from the group consisting of C,-C alkyl, C,-Cg
alkenyl, C,-C, alkynyl, halo, hydroxyl, carboxyl, cyano,
C,-Cq alkoxyl, C,-C alkylsulfonyl, amino, mono-C, -
C, alkylamino, di-C, -C alkylamino, C;-Cq cycloalkyl,
Cs-C,, aryl, 4 to 6-membered heterocycloalkyl, and 5 to
6-membered heteroaryl and with C;-Cg cycloalkyl,
Cs-C,p aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl further optionally substituted
with C,-Cg alkyl, C,-C4 alkenyl, C,-C alkynyl, halo,
hydroxyl, carboxyl, C(O)OH, C(O)O—C,-C; alkyl,
OC(0)—C,-C, alkyl, cyano, C,-C, alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cg
cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 6-membered heteroaryl;

eachofR,R,,R;,R,, R, R, and R, independently, is H,
halo, hydroxyl, carboxyl, cyano, R,, Ry, being amino,
C,-Cq alkoxyl, C,-C; alkyl, C,-C; alkenyl, or C,-Cq
alkynyl, and each R, being optionally substituted with
one or more substituents selected from the group con-
sisting of halo, hydroxyl, carboxyl, cyano, C,-Cg
alkoxyl, amino, mono-C,-C, alkylamino, di-C,-Cg
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alkylamino, C;-Cy cycloalkyl, C¢-C,  aryl, 4 to 6-mem-
bered heterocycloalkyl, and 5 to 6-membered het-
eroaryl;

Rgis H, halo or R¢;, Rg; being C,-Cq alkyl, C,-Cg alkenyl,
or C,-C; alkynyl, and R, being optionally substituted
with one or more substituents selected from the group
consisting of halo, hydroxyl, carboxyl, cyano amino,
C,-Cs alkoxyl, mono-C,-Cg4 alkylamino, di-C,-C alky-
lamino, and C;-Cg cycloalkyl;

Ry is

Ry

=z /Z

Ry

N Il{i
\>—N ,
N
H
Ry
0
s A
- }{
H

inwhicheachof R , R4, R , and R;, independently is -M,-T,
in which M, is a bond, SO,, SO, S, CO, CO,, O, 0—C,-C,
alkyl linker, C,-C, alkyl linker, NH, or N(R,), R, being C,-C
alkyl, and T, is H, halo, or R, R, being C,-C, alkyl, C,-Cg
alkenyl, C,-C; alkynyl, C;-Cy cycloalkyl, C¢-C,, aryl, 4 to
8-membered heterocycloalkyl, or 5 to 10-membered het-
eroaryl, and each of O—C,-C, alkyl linker, C,-C, alkyl
linker, R,, and R, being optionally substituted with one or
more substituents selected from the group consisting of halo,
hydroxyl, carboxyl, cyano, C, -Calkyl, C,-C,alkenyl, C,-C
alkynyl, C,-Cy alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C4 alkylamino, C;-Cq4 cycloalkyl, C,-C,,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered het-
eroaryl, R, is H or C,-C4 alkyl optionally substituted with one
or more substituents selected from the group consisting of
halo, hydroxyl, carboxyl, cyano, C,-C4 alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-C,
cycloalkyl, C4-C, aryl, 4 to 6-membered heterocycloalkyl,
and 5 to 6-membered heteroaryl, D is O, NR, or CR R, each
of R; and R, independently being H or C,-Cy alkyl, or R; and
R, taken together, with the carbon atom to which they are
attached, form a C;-C,, cycloalkyl ring, and E is -M;-T;, M,
being a bond or C,-C alkyl linker optionally substituted with
halo or cyano, T being C;-C, , cycloalkyl, C,-C,, aryl, 5 to
10-membered heteroaryl, or 4 to 10-membered heterocy-
cloalkyl, and T, being optionally substituted with one or more
substituents selected from the group consisting of halo,
hydroxyl, thiol, carboxyl, cyano, nitro, C,-C, alkyl, C,-Cg
alkenyl, C,-Cy alkynyl, C,-C4 alkoxyl, C,-C4 haloalkyl,
C,-C¢ haloalkoxyl, C,-C, alkylthio, C,-C, alkylsulfonyl,
C,-Cghaloalkylsulfonyl, C,-Calkylcarbonyl, C, -C, alkoxy-
carbonyl, oxo, amino, mono-C,-C, alkylamino, di-C,-Cq
alkylamino, C;-Cg cycloalkyl, C,-C,, alkylcycloalkyl,
Cs-C,g aryl, C4-C,  aryloxyl, C,-C, , alkylaryl, C,-C,, ami-
noaryloxyl, Cs-C,,, arylthio, 4 to 6-membered heterocy-
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cloalkyl optionally substituted with halo, C,-C, alkyl, C,-C,
haloalkyl, 5 to 6-membered heteroaryl optionally substituted
with halo, C,-C, alkyl, and C,-Cy alkyl that is substituted
with hydroxy, halo, C,-C, alkoxycarbonyl, C;-C, cycloalkyl,
Cs-C,, aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl optionally further substituted with
halo, hydroxyl, or C,-C, alkoxyl;

qis0,1,2,3, 0or4;

mis 0, 1, or 2; and

nis 0, 1, or 2.

For example, the sum of m and n is at least 1.

For example, mis 1 or 2 and n is 0.

For example, m is 2 and nis O

For example, A is CH,.

For example, A is O.

For example, L, is N(Y).

For example, L, is SO or SO.,.

For example, Y is R ;.

For example, R, is C,-C; alkyl.

For example, L, is absent.

For example, R, is

R,
Ry N
N
R¢ H
Ry,
For example, R is
R,
Ry N R;
|
H—
N
Rg H
Ry

For example, at least one of R, R, R, and R, is halo (such as
F, Cl, and Br), C,-C alkoxyl optlonally substituted with one
or more halo (such as OCH;, OCH,CHj;, O-iPr, and OCF;),
C,-C alkylsulfonyl optionally substituted with one or more
halo (such as SO,CF,), or C,-C, alkyl optionally substituted
with one or more halo (such as CH;, i-propyl, n-butyl, and
CF,).

For example, R, is H or C,-C; alkyl (e.g., methyl, ethyl,
n-propyl, i-propyl, n-butyl, s-butyl, t-butyl, n-pentyl, s-pentyl
or n-hexyl).

For example,

Re
Ry N
N
Ry H
Ry
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is unsubstituted benzimidazolyl or one of the following
groups:

a3e]e

les]
o)
@]

Z o 2
: /: janyd /Z jani /Z jani /Z sy /2 jania /Z sy /2

e o
Tz Z

=z /Z =z /Z

8y

@]

cl N
cl N
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-continued

F3CO,S. :
F3C0,8” :

F5C

=z /Z =z /Z

les]
o)
@]

Q QEQ Q
=z /Z =z /Z =z /Z =z /Z

F5C
F5C

les]
o
e}

gotegs
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-continued
N N
A\ A\
N C>H50 N
F N
A\
F i
F
For example, R, is
O

A

For example, D is O.

For example, D is NR,.

For example, R, is H.

For example, D is CRR,.

For example, each of R; and R, is H.

For example, E is -M;-T};, in which M; is a bond or C,-C;
alkyl linker, T is phenyl, naphthyl, thienyl, cyclopropyl, or
cyclohexyl, and T; is optionally substituted with one or more
substituents selected from the group consisting of halo,
hydroxyl, thiol, carboxyl, cyano, nitro, C,-C, alkyl, C,-C
alkenyl, C,-C, alkynyl, C,-C4 alkoxyl, C,-C, haloalkyl,
C,-C¢ haloalkoxyl, C,-C, alkylthio, C,-C, alkylsulfonyl,
C,-C; alkylcarbonyl, C,-C, alkoxycarbonyl, oxo, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cq
cycloalkyl, C,-C,, alkyleycloalkyl, C4-C, , aryl, Cs-C,  ary-
loxyl, C,-C,, alkylaryl, C4-C,, aminoaryloxyl, C,-C,,
arylthio, 4 to 6-membered heterocycloalkyl optionally sub-
stituted with C, -C, alkyl, 5 to 6-membered heteroaryl option-
ally substituted with C,-C, alkyl, and C,-C alkyl that is
substituted with hydroxy, C,-Cy alkoxycarbonyl, C;-Cg
cycloalkyl, C4-C, aryl, 4 to 6-membered heterocycloalkyl,
or 5 to 6-membered heteroaryl.

For example, T, is phenyl optionally substituted with one
or more substituents selected from the group consisting of
halo, hydroxyl, carboxyl, cyano, nitro, C,-C, alkyl (e.g.,
methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, t-butyl,
n-pentyl, s-pentyl and n-hexyl), C,-C, alkoxyl, C,-Cq
haloalkyl, C,-C haloalkoxyl, C,-C, alkylsulfonyl, C;-C,,,
aryl (e.g., phenyl or naphthyl), and C,-C,, aryloxyl, and
C,-C,, alkylaryl.

For example, E is

t-Bu, s
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%
Neoo
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20

27
-continued

Cl, t-Bu,
g j</©/ 5

N
\\\\‘\\
l“‘
»
Cl

Br,
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-continued
OH, cl o,

5

NO,

Cl

10

CF3, S/, or

F
Az w
O F.

For example, X is N. 20

For example, X is CR,.

For example, X is CH.

Forexample, Qis NH, or NHR,, in which R, is -M, -T,, M,
being a bond or C,-C; alkyl linker and T, being C;-C,
cycloalkyl. 25

For example, Q is H.

For example, R, R,, R;, R,, R5, R, R/, and Ry are each H.

For example, when R, is halo and is attached to the same
carbon atom as J, then J is not hydroxyl.

For example, when Ry is halo and is attached to the same 30
carbon atom as G, then G is not hydroxyl.

For example, T, is not halo when M, is SO,, SO, S, CO or
0.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a heteroatom. 35

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a N atom.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a C atom.

The present invention provides the compounds of Formula 40
(IlTa) or (11b):

30

A is O or CH,;

each of G and J, independently, is H, halo, C(O)OH, C(O)
0O—C,-C; alkyl or OR,,, R, being H, C,-C, alkyl or
C(O)—C,-C; alkyl, wherein C(O)O—C,-C, alkyl,
C,-C; alkyl or C(O)—C,-C, alkyl is optionally substi-
tuted with one or more substituents selected from the
group consisting of halo, cyano hydroxyl, carboxyl,
C,-C alkoxyl, amino, mono-C,-C, alkylamino, di-C, -
C, alkylamino, and C;-C; cycloalkyl;

Qis H, NH,, NHR,, NR,R_, R,, or OR,, in which each of
R, and R independently is C,-C; alkyl, C,-C, alkenyl,
C,-C¢ alkynyl, C;-Cg cycloalkyl, C4-C,, aryl, 4 to
7-membered heterocycloalkyl, 5 to 10-membered het-
eroaryl, or -M,-T, in which M, is a bond or C,-C, alkyl
linker optionally substituted with halo, cyano, hydroxyl
or C,-Cg alkoxyl and T, is C;-Cy4 cycloalkyl, C4-C,
aryl, 4 to 6-membered heterocycloalkyl, or 5 to 10-mem-
bered heteroaryl, or R, and R , together with the N atom
to which they attach, form 4 to 7-membered heterocy-
cloalkyl having O or 1 additional heteroatoms to the N
atom optionally substituted with C,-Cg alkyl, C,-Cg alk-
enyl, C,-C, alkynyl, halo, hydroxyl, carboxyl, C(O)OH,
C(O)0O—C,-C, alkyl, OC(O)—C,-C, alkyl, cyano,
C,-C; alkoxyl, amino, mono-C,-C alkylamino, di-C, -
C¢ alkylamino, C;-C, cycloalkyl, C4-C,,, aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and each of R, R, and T, is optionally substi-
tuted with one or more substituents selected from the
group consisting of C,-C; alkyl, C,-C; alkenyl, C,-Cq
alkynyl, halo, hydroxyl, carboxyl, cyano, C,-C alkoxyl,
amino, mono-C,-C, alkylamino, di-C,-C, alkylamino,
C;-C4 cycloalkyl, C4-C, 4 aryl, 4 to 6-membered hetero-
cycloalkyl, and 5 to 6-membered heteroaryl;

X is Nor CR,, in which R is H, halo, hydroxyl, carboxyl,
cyano, or Rg,, R, being amino, C,-C, alkoxyl, C,-Cg
alkyl, C,-Cq alkenyl, C,-C; alkynyl, C,-C, cycloalkyl,
Cs-C,p aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl, and R, being optionally sub-
stituted with one or more substituents selected from the

(I1Ta)

R,
Ry Q
N
Rg \Z_<
N
Ry
R or
(I1Ib)
R,
Ry R
R R 7 R, Q

Ry Ry Rs

65
or a pharmaceutically acceptable salt or ester thereof,
wherein:

group consisting of halo, hydroxyl, carboxyl, cyano,
C,-C; alkoxyl, amino, mono-C,-C alkylamino, di-C, -



US 9,096,634 B2

31
Cs alkylamino, C;-Cy cycloalkyl, C4-C,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered
heteroaryl;

L, is N(Y), S, SO, or SO,;
L,is COorabsentwhenL is N(Y)orL, is absentwhen L,

is S, SO, or SO,, in which Y is H, R ;, SO,R ;, or COR,,
when L, is absent, or Y is H or R, when L, is CO, R,
being C,-C; alkyl, C,-C; alkenyl, C,-C alkynyl, C5-Cq
cycloalkyl, C4,-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 6-membered heteroaryl, and R ; being
optionally substituted with one or more substituents
selected from the group consisting of C,-C alkyl, C,-Cg
alkenyl, C,-C, alkynyl, halo, hydroxyl, carboxyl, cyano,
C,-Cq alkoxyl, C,-C alkylsulfonyl, amino, mono-C, -
C, alkylamino, di-C, -C alkylamino, C;-Cq cycloalkyl,
C¢-C,, aryl, 4 to 6-membered heterocycloalkyl, and 5 to
6-membered heteroaryl and with C;-Cg cycloalkyl,
Cs-C,p aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl further optionally substituted
with C,-Cg alkyl, C,-C4 alkenyl, C,-C alkynyl, halo,
hydroxyl, carboxyl, C(O)OH, C(O)O—C,-C; alkyl,
OC(0)—C,-C, alkyl, cyano, C,-C, alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C; alkylamino, C;-C,
cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 6-membered heteroaryl;

eachofR |, R,, R, R, Ry, R, and R, independently, is H,

halo, hydroxyl, carboxyl, cyano, R,, Ry, being amino,
C,-Cq alkoxyl, C,-C; alkyl, C,-C; alkenyl, or C,-Cq
alkynyl, and each R, being optionally substituted with
one or more substituents selected from the group con-
sisting of halo, hydroxyl, carboxyl, cyano, C,-Cg
alkoxyl, amino, mono-C,-C, alkylamino, di-C,-Cg
alkylamino, C,-C, cycloalkyl, C4-C,, aryl, 4 to 6-mem-
bered heterocycloalkyl, and 5 to 6-membered het-
eroaryl;

Ry is H, halo or Rg;, R being C,-Cg alkyl, C,-Cy alkenyl,

or C,-Cg alkynyl, and R g being optionally substituted
with one or more substituents selected from the group
consisting of halo, hydroxyl, carboxyl, cyano amino,
C,-Cq alkoxyl, mono-C, -C, alkylamino, di-C, -C alky-
lamino, and C;-Cq cycloalkyl;

each of R,, R, R, and R, independently is -M,-T,, in
which M, is abond, SO,, SO, S, CO, CO,,0,0—C,-C,
alkyl linker, C,-C, alkyl linker, NH, or N(R,), R, being
C,-Cg alkyl, and T, is H, halo, or Rg,, R, being C,-Cg
alkyl, C,-Cg alkenyl, C,-C, alkynyl, C;-Cg cycloalkyl,
Cy-Cp aryl, 4 to 8-membered heterocycloalkyl, or 5 to
10-membered heteroaryl, and each of O—C,-C, alkyl
linker, C,-C, alkyl linker, R, and R, being optionally
substituted with one or more substituents selected from
the group consisting of halo, hydroxyl, carboxyl, cyano,
C,-Cy alkyl, C,-C¢ alkenyl, C,-C4 alkynyl, C,-Cq
alkoxyl, amino, mono-C,-C, alkylamino, di-C,-Cg
alkylamino, C,-C, cycloalkyl, C4-C,, aryl, 4 to 6-mem-
bered heterocycloalkyl, and 5 to 6-membered het-
eroaryl,

R, is H or C,-C; alkyl optionally substituted with one or

more substituents selected from the group consisting of
halo, hydroxyl, carboxyl, cyano, C,-C, alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cg
cycloalkyl, C4,-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, and 5 to 6-membered heteroaryl;
qis0,1,2,3, 0or4;

mis 0, 1, or 2; and

nis 0, 1, or 2.

For example, the sum of m and n is at least 1.

For example, inis 1 or 2 and n is O.
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For example, m is 2 and n is 0

For example, A is CH,.

For example, A is O.

For example, L, is N(Y).

For example, L, is SO or SO,.

For example, Y is R .

For example, R ;is C,-Cg alkyl.

For example, L., is absent.

For example, each of G and J independently is OR,,.

For example, R, is H.

For example, at least one of R, R, R, and R, is halo (such
as F, Cl, and Br), C,-C, alkoxyl optionally substituted with
one or more halo (such as OCH;, OCH,CH,;, O-iPr, and
OCF,), C,-C alkylsulfonyl optionally substituted with one
or more halo (such as SO,CF;), or C,-C, alkyl optionally
substituted with one or more halo (such as CH,, i-propyl,
n-butyl, and CF).

For example, R, is H or C,-C; alkyl (e.g., methyl, ethyl,
n-propyl, i-propyl, n-butyl, s-butyl, t-butyl, n-pentyl, s-pentyl
and n-hexyl).

For example,

o0 Nt
{%
sy o z,

&

is unsubstituted benzimidazolyl or one of the following
groups:

C

aga

F5C

o

Bu
FsC

C
F5C

QF

F5C
cl

: /: =z /Z =z /Z =z /Z =z /Z 2= /Z Tz /Z

Cl

=z 4
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-continued

N
A\

F i

E N
N\

N

H

Cl
jes g
- I+
I X X
Cl

A\

N

H

N

N

F4CO,8 X
cl

N N
A N
H BC H

g
‘Qﬁ
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A
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-continued

cl N
A\

F i

cl N
A

N

H

Pgsey
0+

CFs
N F N
0+ OO+
it it

F
N N
Jost et
N C,Hs0 N
F N
\>_% .
F it
F

For example, X is N.

=z /Z Tz /2

For example, X is CR,.

For example, X is CH.

Forexample,Qis NH, or NHR,, in which R, is -M,-T,, M,
being a bond or C,-C, alkyl linker and T, being C;-C,
cycloalkyl.

For example, Q is H.

For example, R, R,,R;, R, Rs, Rg, R, and R, are each H.

For example, when Ry is halo and is attached to the same
carbon atom as J, then J is not hydroxyl.

For example, when Ry is halo and is attached to the same
carbon atom as G, then G is not hydroxyl.

For example, T, is not halo when M, is SO,, SO, S, CO or
0.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a heteroatom.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a N atom.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a C atom.

The present invention provides the compounds of Formula
(Ic):
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C, alkylamino, di-C,-C alkylamino, C;-Cq cycloalkyl,
(Illc) C4-C,paryl, 4 to 6-membered heterocycloalkyl, and 5 to
6-membered heteroaryl and with C;-C4 cycloalkyl,
J\ R < Q Cs-C,p aryl, 4 to 6-membered heterocycloalkyl, or 5 to
EN A ? 6-membered heteroaryl further optionally substituted
ReTC Lo o, A N with C,-Cq alkyl, C,-C4 alkenyl, C,-C alkynyl, halo,
4 I hydroxyl, carboxyl, C(O)OH, C(O)O—C,-C, alkyl,

L\ Rg _<

ol

OC(0)—C,-C, alkyl, cyano, C,-C, alkoxyl, amino,
Ry, mono-C,-C, alkylamino, di-C,-C, alkylamine, C;-C,
10 cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 6-membered heteroaryl;

or a pharmaceutically acceptable salt or ester thereof, eachofR,,R,, R;, R, R,, R, and R, independently, is H,
wherein: halo, hydroxyl, carboxyl, cyano, Ry, Ry, being amino,
Ais Oor CH,; C,-Cq alkoxyl, C,-C; alkyl, C,-C; alkenyl, or C,-Cq
each of G and J, independently, is H, halo, C(O)OH, C(O) 15 alkynyl, and each R, being optionally substituted with

N

G T

0—C,-C; alkyl or OR, R, being H, C,-C; alkyl or
C(0)—C,-C4 alkyl, wherein C(O)O—C,-C; alkyl,
C,-C; alkyl or C(O)—C,-Cy alkyl is optionally substi-
tuted with one or more substituents selected from the
group consisting of halo, cyano hydroxyl, carboxyl,
C,-C alkoxyl, amino, mono-C,-C, alkylamino, di-C, -
C, alkylamino, and C;-Cg cycloalkyl;

Qis H,NH,, NHR,, NR,R_, R,, or OR,, in which each of
R, and R, independently is C,-C4 alkyl, C,-C alkenyl,
C,-Cy alkynyl, C;-Cg cycloalkyl, C4-C,, aryl, 4 to
7-membered heterocycloalkyl, 5 to 10-membered het-
eroaryl, or -M,-T, in which M, is abond or C,-C, alkyl
linker optionally substituted with halo, cyano, hydroxyl
or C,-Cg alkoxyl and T, is C;-Cy cycloalkyl, C4-C,
aryl, 4 to 6-membered heterocycloalkyl, or 5 to 10-mem-
bered heteroaryl, or R, and R, together with the N atom
to which they attach, form 4 to 7-membered heterocy-
cloalkyl having O or 1 additional heteroatoms to the N
atom optionally substituted with C,-C; alkyl, C,-C, alk-
enyl, C,-C, alkynyl, halo, hydroxyl, carboxyl, C(O)OH,
C(O)0O—C,-C4 alkyl, OC(O)—C,-C, alkyl, cyano,
C,-C; alkoxyl, amino, mono-C,-C alkylamino, di-C, -
Cs alkylamino, C;-Cy cycloalkyl, C4-C,, aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and each of R, R, and T, is optionally substi-
tuted with one or more substituents selected from the
group consisting of C,-C; alkyl, C,-C, alkenyl, C,-Cq
alkynyl, halo, hydroxyl, carboxyl, cyano, C,-C alkoxyl,
amino, mono-C,-C, alkylamino, di-C,-C, alkylamino,
C;-C4 cycloalkyl, C4-C 4 aryl, 4 to 6-membered hetero-
cycloalkyl, and 5 to 6-membered heteroaryl;

X is N or CR,, in which R _ is H, halo, hydroxyl, carboxyl,

cyano, or Rg,, Rg; being amino, C,-C, alkoxyl, C,-Cg
alkyl, C,-Cq alkenyl, C,-C; alkynyl, C,-C, cycloalkyl,
aryl, 4 to 6-membered heterocycloalkyl, or 5 to 6-mem-
bered heteroaryl, and Ry, being optionally substituted
with one or more substituents selected from the group
consisting of halo, hydroxyl, carboxyl, cyano, C,-Cg
alkoxyl, amino, mono-C, -C, alkylamine, di-C, -C, alky-
lamino, C;-Cy cycloalkyl, C¢-C,  aryl, 4 to 6-membered
heterocycloalkyl, and 5 to 6-membered heteroaryl;

L, is N(Y), S, SO, or SO,;
L,is COorabsentwhenL is N(Y)orL, is absentwhen L,

is S, SO, or SO,, in which Y is H, R ;, SO,R ;, or COR,,
when L, is absent, or Y is H or R, when L, is CO, R,
being C,-C, alkyl, C,-C, alkenyl, C,-Cq alkynyl, C;-C,
cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 6-membered heteroaryl, and R, being
optionally substituted with one or more substituents
selected from the group consisting of C,-C alkyl, C,-Cg
alkenyl, C,-C, alkynyl, halo, hydroxyl, carboxyl, cyano,
C,-C; alkoxyl, C,-C4 alkylsulfonyl, amino, mono-C, -

20

25

30

35

40

45

50

55

60

65

one or more substituents selected from the group con-
sisting of halo, hydroxyl, carboxyl, cyano, C,-Cg
alkoxyl, amino, mono-C,-C, alkylamino, di-C,-Cg
alkylamino, C;-Cy cycloalkyl, C¢-C,  aryl, 4 to 6-mem-
bered heterocycloalkyl, and 5 to 6-membered het-
eroaryl;

Rgis H, halo or R¢;, Rg; being C,-Cq alkyl, C,-Cg alkenyl,
or C,-C; alkynyl, and R, being optionally substituted
with one or more substituents selected from the group
consisting of halo, hydroxyl, carboxyl, cyano amino,
C,-Cs alkoxyl, mono-C,-Cg4 alkylamino, di-C,-C alky-
lamino, and C;-Cg cycloalkyl;

D is O, NR,, or CRR,, each of R, and R, independently
being Hor C,-C4 alkyl, or R; and R, taken together, with
the carbon atom to which they are attached, form a
C;-C,, cycloalkyl ring;

Eis -M;-T;, M; being abond or C,-C, alkyl linker option-
ally substituted with halo or cyano, T; being C,-C,,
cycloalkyl, C4-C,, aryl, 5 to 10-membered heteroaryl,
or 4 to 10-membered heterocycloalkyl, and T, being
optionally substituted with one or more substituents
selected from the group consisting of halo, hydroxyl,
thiol, carboxyl, cyano, nitro, C, -C, alkyl, C,-C alkenyl,
C,-C; alkynyl, C,-C, alkoxyl, C,-C, haloalkyl, C,-Cg
haloalkoxyl, C,-C, alkylthio, C,-C, alkylsulfonyl,
C,-Cg haloalkylsulfonyl, C,-Cg4 alkylcarbonyl, C,-Cg
alkoxycarbonyl, oxo, amino, mono-C,-C, alkylamino,
di-C, -Cg4 alkylamino, C;-C, cycloalkyl, C,-C, , alkylcy-
cloalkyl, C4-C, aryl, C4-C,, aryloxyl, C,-C, , alkylaryl,
Cs-C, aminoaryloxyl, C4-C,, arylthio, 4 to 6-mem-
bered heterocycloalkyl optionally substituted with halo,
C,-C, alkyl, C,-C, haloalkyl, 5 to 6-membered het-
eroaryl optionally substituted with halo, C,-C, alkyl,
and C,-Cy alkyl that is substituted with hydroxy, halo,
C,-C; alkoxycarbonyl, C;-Cg cycloalkyl, C4-C,, aryl, 4
to 6-membered heterocycloalkyl, or 5 to 6-membered
heteroaryl optionally further substituted with halo,
hydroxyl, or C,-C alkoxyl;

qis0,1,2,3,0r4;

mis 0, 1, or2; and

nis0, 1, or 2.

For example, the sum of m and n is at least 1.

For example, m is 1 or 2 and n is O.

For example, m is 2 and n is 0

For example, A is CH,.

For example, A is O.

For example, L, is N(Y).

For example, L, is SO or SO,.

For example, Y is R,

For example, R ;is C,-Cg alkyl.

For example, L., is absent.

For example, each of G and J independently is OR,,.
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For example, R, is H.

For example, D is O.

For example, D is NR,.

For example, R; is H.

For example, D is CR R;.

For example, each of R;and R, is H.

For example, E is -M;-T5, in which Mj; is a bond or C,-C,
alkyl linker, T; is phenyl, naphthyl, thienyl, cyclopropyl, or
cyclohexyl, and T; is optionally substituted with one or more
substituents selected from the group consisting of halo,
hydroxyl, thiol, carboxyl, cyano, nitro, C,-C, alkyl, C,-C
alkenyl, C,-C, alkynyl, C,-C4 alkoxyl, C,-C4 haloalkyl,
C,-C¢ haloalkoxyl, C,-C, alkylthio, C,-C, alkylsulfonyl,
C,-C; alkylcarbonyl, C,-C, alkoxycarbonyl, oxo, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cq
cycloalkyl, C,-C, , alkylcycloalkyl, C(-C, , aryl, C4-C,, ary-
loxyl, C,-C,, alkylaryl, C4C,, aminoaryloxyl, C,-C,,
arylthio, 4 to 6-membered heterocycloalkyl optionally sub-
stituted with C, -C, alkyl, 5 to 6-membered heteroaryl option-
ally substituted with C,-C, alkyl, and C,-C; alkyl that is
substituted with hydroxy, C,-C, alkoxycarbonyl, C;-Cq
cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocycloalkyl,
or 5 to 6-membered heteroaryl.

For example, T; is phenyl optionally substituted with one
or more substituents selected from the group consisting of
halo, hydroxyl, carboxyl, cyano, nitro, C,-C, alkyl (e.g.,
methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, t-butyl,
n-pentyl, s-pentyl and n-hexyl), C,-C, alkoxyl, C,-Cg
haloalkyl, C,-Cg haloalkoxyl, C,-C, alkylsulfonyl, C,-C,,
aryl (e.g., phenyl or naphthyl), and C,-C,, aryloxyl, and
C,-C,, alkylaryl.

For example, E is

w
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Forexample,Qis NH, or NHR,, in which R, is -M,-T,, M,
being a bond or C,-C, alkyl linker and T, being C;-C,
cycloalkyl.

For example, Q is H.

For example, R, R,,R;, R, Rs, Rg, R, and Ry are each H.

For example, when Ry is halo and is attached to the same
carbon atom as J, then J is not hydroxyl.

For example, when Ry is halo and is attached to the same
carbon atom as G, then G is not hydroxyl.

For example, T, is not halo when M, is SO,, SO, S, CO or
0.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a heteroatom.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a N atom.

For example, T, is a 4-8 membered heterocycloalkyl which
is bound to M, via a C atom.

The invention also relates to a compound of Formula (IV)
or its N-oxide or a pharmaceutically acceptable salt thereof:

av)

R,
I{f N Ro X, Q
N G
Ry \ _<
Y S % Ry,
HO on
wherein A is O or CH,;

Qis H, NH,, NHR,, NR,R_, OH, R, or OR,, in which each
of R, and R, independently is C,-C; alkyl, C,-C, alkenyl,
C,-C; alkynyl, C;-Cy cycloalkyl, C4-C, 4 aryl, 4 to 7-mem-
bered heterocycloalkyl, 5 to 10-membered heteroaryl, or
-M,-T, inwhich M, is a bond or C, -C alkyl linker optionally
substituted with halo, cyano, hydroxyl or C,-C, alkoxyl and
T, is C4-C4 cycloalkyl, C,-C, ; aryl, 4 to 6-membered hetero-
cycloalkyl, or 5 to 10-membered heteroaryl, or R, and R,
together with the N atom to which they attach, form 4 to
7-membered heterocycloalkyl having 0 or 1 additional het-
eroatoms to the N atom optionally substituted with C,-Cgq
alkyl, C,-Cy alkenyl, C,-C4 alkynyl, halo, hydroxyl, car-
boxyl, C(O)OH, C(O)O—C,-C, alkyl, OC(O)—C,-C, alkyl,
cyano, C,-Cg alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C; alkylamino, C;-C, cycloalkyl, C,-C,, aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and each of R,, R, and T, is optionally substituted
with one or more substituents selected from C,-Cg alkyl,
C,-Cy alkenyl, C,-Cy alkynyl, halo, hydroxyl, carboxyl,
cyano, C,-C, alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C4 alkylamino, C;-Cq4 cycloalkyl, C,-C,,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered het-
eroaryl;

X is N or CR,, in which R, is H, halo, hydroxyl, carboxyl,
cyano, or R, R¢,; being amino, C,-C alkoxyl, C,-C, alkyl,
C,-Cg alkenyl, C,-Cg4 alkynyl, C;-Cg cycloalkyl, C-C aryl,
4 to 6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and R, being optionally substituted with one or
more substituents selected from halo, hydroxyl, carboxyl,
cyano, C,-Cg alkoxyl, amino, mono-C,-C, alkylamino,
di-C,-C4 alkylamino, C;-Cq4 cycloalkyl, C,-C,,, aryl, 4 to
6-membered heterocycloalkyl, and 5 to 6-membered het-
eroaryl;
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Y is H, R, SO,R,, or COR, R, being C,-C, alkyl, C,-Cg
alkenyl, C,-C; alkynyl, C5-C, cycloalkyl, C4-C,, aryl, 4 to
6-membered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and R ; being optionally substituted with one or more
substituents selected from C, -Cg alkyl, C,-Cg alkenyl, C,-Cg
alkynyl, halo, hydroxyl, carboxyl, cyano, C,-C, alkoxyl,
C,-Cq alkylsulfonyl, amino, mono-C,-C, alkylamino, di-C, -
C, alkylamino, C;-C, cycloalkyl, C4-C,, aryl, 4 to 6-mem-
bered heterocycloalkyl, and 5 to 6-membered heteroaryl and
with C;-Cg cycloalkyl, C4-C,  aryl, 4 to 6-membered hetero-
cycloalkyl, or 5 to 6-membered heteroaryl further optionally
substituted with C,-Cy alkyl, C,-C; alkenyl, C,-C, alkynyl,
halo, hydroxyl, carboxyl, C(O)OH, C(O)O—C,-C, alkyl,
OC(0)—C,-C; alkyl, cyano, C,-C, alkoxyl, amino, mono-
C,-C; alkylamino, di-C,-Cg alkylamino, C;-Cy cycloalkyl,
Cs-C,, aryl, 4 to 6-membered heterocycloalkyl, or 5 to
6-membered heteroaryl;
each of R, and R, independently, is H, halo, hydroxyl, car-
boxyl, cyano, Rs,, Ry, being amino, C,-Cg alkoxyl, C,-Cg
alkyl, C,-C; alkenyl, or C,-C4 alkynyl, and each R, being
optionally substituted with one or more substituents selected
from halo, hydroxyl, carboxyl, cyano, C,-C alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-C,
cycloalkyl, C4-C,, aryl, 4 to 6-membered heterocycloalkyl,
and 5 to 6-membered heteroaryl;
eachofR,, R; R , and R, independently is -M,-T,, in which
M, isabond, SO,, SO, S, CO, CO,, 0,0—C,-C, alkyl linker,
C,-C, alkyllinker, NH, orN(R,), R, being C,-C, alkyl,and T,
is H, halo, or Rg,, Ry, being C,-C alkyl, C,-C, alkenyl,
C,-Cq alkynyl, C;-C, cycloalkyl, C4-C,, aryl, 4 to 8-mem-
bered heterocycloalkyl, or 5 to 10-membered heteroaryl, and
each of O—C,-C, alkyl linker, C,-C, alkyllinker,R,, and R,
being optionally substituted with one or more substituents
selected from halo, hydroxyl, carboxyl, cyano, C,-C; alkyl,
C,-Cq alkenyl, C,-C, alkynyl, C,-C alkoxyl, amino, mono-
C,-C; alkylamino, di-C,-Cg alkylamino, C;-Cy cycloalkyl,
Cs-C,p aryl, 4 to 6-membered heterocycloalkyl, and 5 to
6-membered heteroaryl, and
mis 0,1, or 2.

For example, A is O. In certain compounds of Formula
(IV),Ais Oand m is 2.

In certain compounds of Formula (IV), X is N.

For example, in certain compounds, Q is NH, or NHR,, in
which R, is -M,-T,, M, being a bond or C,-C; alkyl linker
and T, being C;-C; cycloalkyl

For example, in certain compounds of Formula (IV), R,
and R, are each H.

In certain compounds of Formula (IV), Y is R, For
example, R ;is C,-C alkyl optionally substituted with C;-Cq
cycloalkyl or halo. For example, R, is C;-Cy cycloalkyl
optionally substituted with C,-C, alkyl or halo.

The invention also relates to a compound of Formula (IV),
wherein at least one of R,, R; R, and R,, is halo, C,-Cq
alkoxyl optionally substituted with one or more halo; C,-C
alkylsulfonyl optionally substituted with one or more halo;
C,-C, alkyl optionally substituted with one or more substitu-
ents selected from CN, halo, C;-C; cycloalkyl, hydroxy, and
C,-C; alkoxyl; C;-Cq cycloalkyl optionally substituted with
one or more C,-Cg alkyl or CN; or 4 to 8-membered hetero-
cycloalkyl optionally substituted with one or more substitu-
ents selected from CN, halo, hydroxy, C,-C; alkyl and C,-C
alkoxyl. For example, the compound of Formula (IV) has at
least one of R, R4 R, and R, selected from F; CI; Br; CFs;
OCFj;; SO,CFj5; oxetanyl optionally substituted with one or
more substituents selected from CN, halo, hydroxy, C,-Cg
alkyl and C, -C, alkoxyl; C;-Cy cycloalkyl optionally substi-
tuted with one or more substituents selected from C,-C,
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alkyl; and C, -C, alkyl optionally substituted with one or more
substituents selected from halo, C,-C4 cycloalkyl, hydroxy
and C,-C4 alkoxyl.

For example, the invention relates to compounds of For-
mula (IV) where at least one of R -and R, is alkyl, optionally
substituted with hydroxyl. For example, the invention relates
to compounds where at least one of R, and R, is t-butyl
substituted with hydroxyl.

The invention relates to a compound selected from Com-
pounds 1-140. The invention also relates to a salt of a com-
pound selected from Compounds 1-140. The invention also
relates to an N-oxide of compound selected from Compounds
1-140. The invention also relates to a salt of an N-oxide of
compound selected from Compounds 1-140. For example,
the invention relates to a compound selected from Com-
pounds 1-7, 9-109, and 111-140.

The invention also relates to a pharmaceutical composition
of a therapeutically eftective amount of a compound of For-
mula (IV) and a pharmaceutically acceptable carrier.

The invention also relates to a pharmaceutical composition
of'a therapeutically effective amount of a salt of a compound
of Formula (IV) and a pharmaceutically acceptable carrier.

The invention also relates to a pharmaceutical composition
of a therapeutically effective amount of a hydrate of a com-
pound of Formula (IV) and a pharmaceutically acceptable
carrier.

The invention also relates to a pharmaceutical composition
of a therapeutically effective amount of a compound selected
from Compounds 1-140 and a pharmaceutically acceptable
carrier. The invention also relates to a pharmaceutical com-
position of a therapeutically effective amount of a salt of a
compound selected from Compounds 1-140 and a pharma-
ceutically acceptable carrier. The invention also relates to a
pharmaceutical composition of a therapeutically effective
amount of an N-oxide of a compound selected from Com-
pounds 1-140 and a pharmaceutically acceptable carrier. The
invention also relates to a pharmaceutical composition of a
therapeutically effective amount of an N-oxide of salt of a
compound selected from Compounds 1-140 and a pharma-
ceutically acceptable carrier. The invention also relates to a
pharmaceutical composition of a therapeutically effective
amount of a hydrate of a compound selected from Com-
pounds 1-140 and a pharmaceutically acceptable carrier.

The present invention provides pharmaceutical a compo-
sition comprising one or more compounds of Formula (1),
(II), (I11a), (I1Ib), or (IIIc), and one or more pharmaceutically
acceptable carriers.

The invention also relates to a pharmaceutical composition
of'a therapeutically effective amount of a salt of a compound
of Formula (1), (IT), (Illa), (IlIb), or (IIIc) and a pharmaceu-
tically acceptable carrier.

The invention also relates to a pharmaceutical composition
of a therapeutically effective amount of a hydrate of a com-
pound of Formula (I), (IT), (I1Ta), (I1Ib), or (IlIc) and a phar-
maceutically acceptable carrier.

The present invention provides methods of treating or pre-
venting cancer. The present invention provides methods of
treating cancer. The present invention also provides methods
of'preventing cancer. The method includes administering to a
subject in need thereof a therapeutically effective amount of
the compound of Formula (I), (IT), (Il1a), (IIIb), or (Illc). The
cancer can be a hematological cancer. Preferably, the cancer
is leukemia. More preferably, the cancer is acute myeloid
leukemia, acute lymphocytic leukemia or mixed lineage leu-
kemia.

The present invention provides methods of treating or pre-
venting a disease or disorder mediated by translocation of a
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gene on chromosome 11 q23. The present invention provides
methods of treating a disease or disorder mediated by trans-
location of a gene on chromosome 11q23. The present inven-
tion also provides methods of preventing a disease or disorder
mediated by translocation of a gene on chromosome 11 q23.
The method includes administering to a subject in need
thereof a therapeutically effective amount of the compound of
Formula (1), (IT), (Il1a), (I1Ib), (I1Ic) or (IV).

The present invention provides methods of treating or pre-
venting a disease or disorder in which DOT1-mediated pro-
tein methylation plays a part or a disease or disorder mediated
by DOT1-mediated protein methylation. The present inven-
tion provides methods of treating a disease or disorder in
which DOT1-mediated protein methylation plays a part or a
disease or disorder mediated by DOT1-mediated protein
methylation. The present invention also provides methods of
preventing a disease or disorder in which DOT1-mediated
protein methylation plays a part or a disease or disorder
mediated by DOT1-mediated protein methylation. The
method includes administering to a subject in need thereof a
therapeutically effective amount of the compound of Formula
D), (D), (I1Ta), (11Ib), (1IIc) or AV).

The present invention provides methods of inhibiting
DOT1L activity in a cell. The method includes contacting the
cell with an effective amount of one or more of the compound
of Formula (1), (II), (IlTa), (I1Ib), (1llc) or (IV).

Still another aspect of the invention relates to a method of
reducing the level of Histone H3 Lysine residue 79 (H3-K79)
methylation in a cell. The method includes contacting a cell
with a compound of the present invention. Such method can
be used to ameliorate any condition which is caused by or
potentiated by the activity of DOT1 through H3-K79 methy-
lation.

The present invention relates to use of the compounds
disclosed herein in preparation of a medicament for treating
or preventing cancer. The use includes a compound of For-
mula (1), (1), (IlTa), (I1Ib), (I1Ic) or (IV) for administration to
asubjectinneed thereofin a therapeutically effective amount.
The cancer can be a hematological cancer. Preferably, the
cancer is leukemia. More preferably, the cancer is acute
myeloid leukemia, acute lymphocytic leukemia or mixed lin-
eage leukemia.
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The present invention provides use of the compounds dis-
closed herein in preparation of a medicament for treating or
preventing a disease or disorder mediated by translocation of
a gene on chromosome 11g23. The use includes a compound
of Formula (1), (I), (IlTa), (I1Ib), (Illc) or (IV) for adminis-
tration to a subject in need thereof in a therapeutically effec-
tive amount.

The present invention provides use of the compounds dis-
closed herein in preparation of a medicament for treating or
preventing a disease or disorder in which DOT1-mediated
protein methylation plays a part or a disease or disorder
mediated by DOT1-mediated protein methylation. The use
includes a compound of Formula (1), (I), (Il1a), (I1Ib), (Illc)
or (IV) for administration to a subject in need thereof in a
therapeutically effective amount.

The present invention provides use of the compounds dis-
closed herein for inhibiting DOT1L activity in a cell. The use
includes contacting the cell with an effective amount of one or
more of the compound of Formula (1), (IT), (I11a), (I1Ib), (Illc)
or (IV).

Still another aspect of the invention relates to a use of the
compounds disclosed herein for reducing the level of Histone
H3 Lysine residue 79 (H3-K79) methylation in a cell. The use
includes contacting a cell with a compound of the present
invention. Such use can ameliorate any condition which is
caused by or potentiated by the activity of DOT1 through
H3-K79 methylation.

In the formulae presented herein, the variables can be
selected from the respective groups of chemical moieties later
defined in the detailed description.

In addition, the invention provides methods of synthesiz-
ing the foregoing compounds. Following synthesis, a thera-
peutically effective amount of one or more of the compounds
can be formulated with a pharmaceutically acceptable carrier
for administration to a mammal, particularly humans, for use
in modulating an epigenetic enzyme. In certain embodiments,
the compounds of the present invention are useful for treating,
preventing, or reducing the risk of cancer or for the manufac-
ture of a medicament for treating, preventing, or reducing the
risk of cancer. Accordingly, the compounds or the formula-
tions can be administered, for example, via oral, parenteral,
otic, ophthalmic, nasal, or topical routes, to provide an effec-
tive amount of the compound to the mammal.

Representative compounds of the present invention
include compounds listed in Table 1.

TABLE 1

Cmpd

No. Structure

Data
(MS
or

Chemical Name NMR)

-

Tz

NH,

(2R,38,4R,5R)-2-
(((3-(2-(1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)-5-(6-
amino-9H-purin-9-
yDtetrahydrofuran-
3,4-diol
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TABLE 1-continued
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Cmpd
No. Structure

Data

(MS

or
Chemical Name NMR)

J

NH,

-
Cl

FsC

Cl

F5C

(2R,3R 4S,5R)-2-(6- 563.4
amino-9H-purin-9- M+ H)*
yD-5-((((1r,38)-3-(2-
(5-(tert-butyl)-1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-

3,4-diol

(2R,3R 4S,5R)-2-(6- 563.5
amino-9H-purin-9- M+ H)*
yD-5-((((1s,3R)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-

3,4-diol

(2R,3R 4S,5R)-2-(6- 609.2
amino-9H-purin-9- M+ H)*
yD-5-((((18,3R)-3-(2-

(5-chloro-6-

(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-

3,4-diol

(2R,3R 4S,5R)-2-(6- 609.2
amino-9H-purin-9- M+ H)*
yD-5-((((1r,38)-3-(2-

(5-chloro-6-

(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-

3,4-diol
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TABLE 1-continued

48

Cmpd

Structure

Chemical Name

Data
(MS
or
NMR)

NH

Bu

F5C
NH

Cl

(2R,3R48,5R)-2-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl1)-5-
(((3-((5-(tert-butyl)-
1H-

benzo[d]imidazol-2-
yDmethyl)cyclo-
butyl)(methyl)ami-
no)meth-ly)tetrahydro-
furan-3,4-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
(((3-(2-(6-chloro-5-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)cyclopentane-
1,2-diol

1-(3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-
9-y1)-3.4-
dihydroxytetra-
hydrofuran-2-
yl)methyl)(methyl)ami-
no)cyclobutyl)-3-
(4-tert-
butylphenyljurea

5204
(M + H)*

579.7
(M + H)*

525.5
M+ H)*
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TABLE 1-continued

50

Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

Cl

11 NH,

N NI,

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(6-
chloro-5-
(trifluoromethyl)-1H-
benzo[d]imidazol-
2-ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)cyclopentane-
1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl((11,3S)-3-
(2-(5-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl((1s,3R)-3-
(2-(5-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-

pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
(((1,3R)-3-(2-(6-
chloro-5-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(meth-
ylamino)methyl)cyclo-
pentane-1,2-diol

578.3
M+ H)*

5443
(M + H)*

5443
(M + H)*

578.3
M+ H)*
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52

Cmpd
No. Structure

Chemical Name

Data
(MS
or

NMR)

=7

Tz

Tz

F

Cl

(1R,28,3R,5R)-3-(4-
amino-7H-

pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl(3-(2-(5-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
(((3-(2-(5-(tert-
butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)cyclopentane-
1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((isopropyl((3-((5-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
yl)methyl)cyclo-
butyl)methyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-

pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
(((3-(5-chloro-6-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylcyclobutyl)(meth-
ylamino)methyl)cyclo-
pentane-1,2-diol

544.5
M+ H)*

532.3
M+ H)*

5724
M+ H)*

550.3
(M + H)*
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54

Cmpd
No.

Structure

Data

(MS

or
Chemical Name NMR)

20

F F

F

NH

NH

Cl

F

(1R,2R 48)-2-(4- 562.3
amino-7H- M+ H)*
pyrrolo[2,3-

d]pyrimidin-7-yl)-4-
(((3-(2-(5-chloro-6-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-

ylethyl)cyclo-

buty!l)(methy!l)ami-
no)methyl)cyclopentanol

(1R,28,3R,5R)-3-(4- 544
amino-7H- M+ H)*
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
((methyl((3-((5-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
y])methyl)cyclo-
butyl)methyl)ami-
no)methyl)cyclopentane-

1,2-diol

(1R,28,3R,5R)-3-(4- NMR
amino-7H- data
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
(((3-(2-(5-(tert-

butyl)-1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yl)cyclopentane-1,2-

diol

(1R,28,3R,5R)-3-(4- NMR
amino-7H- data
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
(((3-(2-(6-chloro-5-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yl)cyclopentane-1,2-

diol
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TABLE 1-continued

Data

(MS
Cmpd or
No. Structure Chemical Name NMR)

21 NH, (1R,2S,3R,5R)-3-(4- 606.3
amino-7H- M+ H)*
pyrrolo[2,3-

/ \ N d]pyrimidin-7-yl)-5-

E N N ((((3-((6-chloro-5-

/J (trifluoromethyl)-1H-

N benzo[d]imidazol-2-

F NH N, yl)methyl)cyclo-

o butyl)methyl)(isopro-

"OH pyDamino)methyl)cyclo-

= pentane-1,2-diol

le] 1IN
jus)

2 NH, (1R,2S,3R,5R)-3-(4- 560.4
amino-7H- M+ H)*
pyrrolo[2,3-

/ N N dlpyrimidin-7-yl)-5-

N, (((-((5-(tert-butyl)-
A 3 /J 1H-
N benzo[d]imidazol-2-
NH N, ylmethyl)cyclo-
butyl)methyl)(isopro-

“on pyDamino)methyl)cyclo-
pentane-1,2-diol

[@]ITITH
jus)

23 Cl (1R,28,3R,5R)-3-(4- NMR
amino-7H- data
pyrrolo[2,3-

Cl d]pyrimidin-7-y1)-5-
N (((3-(2-(5,6-dichloro-
1H-
benzo[d]imidazol-2-

N ylethyl)cyclo-

HO buty!l)(methy!l)ami-

2 no)methyl)cyclopentane-
1,2-diol

=
e
-2

24 (1R,2S,3R,5R)-3-(4- 558.2
0, amino-7H- (M + H)*

HN F pyrrolo[2,3-
F d]pyrimidin-7-yl)-5-

~ F ((methyl(3-(2-(5-
N (trifluoromethoxy)-
HO 1H-
2 benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

—2

HOwm:-
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58

Cmpd
No. Structure

Chemical Name

Data
(MS
or

NMR)

/ NH

HN
e

Ho,

/z

HOe

27

(1R,28,3R,5R)-3-(4-
amino-7H-

pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
(((3-(2-(5-(tert-
butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(eth-
ylamino)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
(((3-(2-(5-bromo-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)cyclo-
pentane-1,2-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
y1)-5-((isopropyl(3-
(2-(5-(1-
methyleyclobutyl)-
1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahydro-
furan-3,4-diol

546.3
(M + H)*

554.1
M+ H)*

5755
(M + H)*
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60

Cmpd
No. Structure

Chemical Name

Data
(MS
or

NMR)

28

o0
AL

\
\\‘

29

/z

NH,

30 NH,

Q0

HO /

.,,,,, o N"/,,
HO
,, /\/ N

.\“

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD)-5-
((isopropyl((11,3S)-3-
(2-(5-(1-
methyleyclobutyl)-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl(3-(2-(5-(1-
methyleyclobutyl)-
1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD)-5-
((methyl((11,3S)-3-
(2-(5-(1-
methyleyclobutyl)-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahydro-
furan-3,4-diol

575.5
M+ H)*

544.4
M+ H)*

547.6
(M + H)*
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Data
(MS
Cmpd or
No. Structure Chemical Name NMR)
31 (2R,3R,4S,5R)-2-(6- 575.6
amino-9H-purin-9- M+ H)*
yb-5-
((isopropyl((1s,3R)-
3-(2-(5-(1-
methyleyclobutyl)-
NH, HN benzo[d]imidazol-2-
N ylethyl)cyclobutyl)ami-
no)methyl)tetrahydro-
NO ON furan-3,4-diol
\ g
(0]
HO
N
HO
32 (1R,2S,3R,5R)-3-(4- 532.4
amino-7H- M+ H)*
pyrrolo[2,3-
1IN d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-
o ~ (tert-butyl)-1H-
Y N benzo[d]imidazol-2-
HO, ylethyl)cyclo-
Z w buty!l)(methy!l)ami-
/ N no)methyl)cyclo-
HOmm \ pentane-1,2-diol
a
PV,
NH,
33 NH, (2R,3R,4S,5R)-2-(6- 547.3
amino-9H-purin-9- M+ H)*

y1)-5-((methyl(3-(2-

N
N (5-(1-
O O methyleyclobutyl)-
1H-
N N

benzo[d]imidazol-2-

i yhethyl)eyclobutyl)ami-
(6] no)methyl)tetra-
HO / hydrofuran-3,4-diol
"I"// N
HO
N

4O
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64

Cmpd
No. Structure

Chemical Name

Data
(MS
or

NMR)

34 NH,

\‘\\

HO ) /

"//N
<0

35

36

f: \\\\\\
W

HOme \

Ho,

O

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yl)-5-
((methyl((1s,3R)-3-
(2-(5-(1-
methyleyclobutyl)-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((18,3R)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl((11,3S)-3-
(2-(5-(1-
methyleyclobutyl)-
1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

547.5
M+ H)*

NMR
data

544.4
M+ H)*
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66

Cmpd

No.

Structure

Chemical Name

Data
(MS
or

NMR)

37

38

39

NH,

NH,

NH,

F
" =,
F

A.“\\\\\)%N F

\\“‘. D

10
‘»\“\\\)\ N

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl((11,3S)-3-
(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-

pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(eth-
ylamino)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl((1s,3R)-3-
(2-(5-(1-
methyleyclobutyl)-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

558.3
(M + H)*

546.3
M+ H)*

5443
(M + H)*
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TABLE 1-continued

68

Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

0

HOumn:-

Z

[

AN

N
x
A

40 HQ,
£ N/\q
\ N
HN

NH,

41

HOmu

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(cyclo-
propylmethyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yl)cyclopentane-1,2-
diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(cyclo-
butylmethyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

NMR
data

NMR
data

586.3
M+ H)*
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Data
(MS
Cmpd or
No. Structure Chemical Name NMR)
43 (1R,28,3R,5R)-3-(4- 572.2
amino-7H- M+ H)*
pyrrolo[2,3-
HN d]pyrimidin-7-yl)-5-
(((3-(2-(5-(tert-
T butyl)-1H-
N benzo[d]imidazol-2-
HO, ylethyl)cyclobutyl)(cyclo-
=, N butyl)amino)meth-
/ yl)cyclopentane-1,2-
HOmm diol
as
NH,

a4 HO, (1R,2S,3R,5R)-3-(4- 572.6
% N/\ﬂ amino-7H- (M + H)*
pyrrolo[2,3-

HOw d]pyrimidin-7-y1)-5-
(((3-(2-(5-(tert-
butyl)-1H-
N benzo[d]imidazol-2-
z N, ylethyl)cyclobutyl)(cyclo-
r | propylmethyl)ami-
N / no)methyl)cyclo-
X pentane-1,2-diol
/ NH

45 (1R,2S,3R,5R)-3-(4- 574.6
H amino-7H- (M + H)*
d N pyrrolo[2,3-
d]pyrimidin-7-yl)-5-

HOmm- (((3-(2-(5-(tert-
butyl)-1H-
benzo[d]imidazol-2-

N. ylethyl)cyclobutyl)(iso-
butyl)amino)meth-
| yl)cyclopentane-1,2-
diol
/ NH
NIL N

Z
&
W

\\\o

0

Z

7\
N
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Data

(MS
Cmpd or
No. Structure Chemical Name NMR)

46 (1R,2S,3R,5R)-3-(4- 572.6
amino-7H- M+ H)*
pyrrolo[2,3-

1IN d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-
~ (tert-butyl)-1H-
N benzo[d]imidazol-2-
HO ylethyl)cyclobutyl)(cyclo-
/’v,_ butyl)amino)meth-
/ yl)eyclopentane-1,2-
diol

47 (1R,28,3R,5R)-3-(4- 556.0
Br amino-7H- (M +H)*
N pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1r,33)-3-2-(5-

o N bromo-1H-
HO, D benzo[d]imidazol-2-
= - ylhethyl)eyclo-
2 N

buty!l)(methy!l)ami-
\ no)methyl)cyclo-

HOmo- pentane-1,2-diol

48 (1R,28,3R,5R)-3-(4- 5723
amino-7H- M+ H)*
N pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
HOwmne ((((1s,3R)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
butyl)amino)meth-

yl)cyclopentane-1,2-
diol
/ NH

N\
Z
\ Z,
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Data

(MS
Cmpd or
No. Structure Chemical Name NMR)

49 HO, S~ (1R,2S,3R,5R)-3-(4- 546.3
K N amino-7H- M +H)*
pyrrolo[2,3-

HOm- d]pyrimidin-7-y1)-5-
((((18,3R)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(eth-
ylamino)methyl)cyclo-
pentane-1,2-diol

=\Z
/
\ Z,

NH,

50 (1R,28,3R,5R)-3-(6- 561.4
amino-9H-purin-9- M+ H)*
yD-5-(((3-(2-(5-(tert-
butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-

NH, HN yl)cyclopentane-1,2-
diol

51 (1R,2S,3R,5R)-3-(4- 572.7
amino-7H- M+ H)*
pyrrolo[2,3-

N d]pyrimidin-7-yl)-5-
((((18,3R)-3-(2-(5-
~ (tert-butyl)-1H-
N benzo[d]imidazol-2-
1O ylethyl)cyclobutyl)(cyclo-
3 w butyl)amino)meth-
yl)cyclopentane-1,2-
diol

NH,
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76

Cmpd
No. Structure

Data

(MS

or
Chemical Name NMR)

52 Cl

Cl

53

54 H

“\\O
,.u\\z

HOmu-

Z:\Z
\ 7/
\Z

/

N
NIL HN

(1R,28,3R,5R)-3-(4- NMR
amino-7H- data
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
((((11,38)-3-(2-(5,6-

dichloro-1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)(meth-
ylamino)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4- 5723
amino-7H- M-H)~
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-

(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
butyl)amino)meth-
yl)cyclopentane-1,2-

diol

(1R,28,3R,5R)-3-(4- NMR
amino-7H- data
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
((((1,3R)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(cyclo-
propylmethyl)ami-
no)methyl)cyclo-

pentane-1,2-diol
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78

Cmpd
No.

Structure

Chemical Name

Data
(MS
or
NMR)

55

56

57

Br
HN

"“‘\\\\)%N

=
\\‘\o

HOu \

jas}
\\\o

K

’-
~ Qx
N;&
FF%/O

F

F
i <
F

/D "“‘“\\)%N

HOu- \

jas}
\\\o

NH,

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1,3R)-3-(2-(5-
bromo-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(meth-
yl)amino)meth-
yl)cyclopentane-1,2-
diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((isopropyl(3-(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl((1s,3R)-3-
(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

NMR
data

5882
(M + H)*

560.1
(M + H)*
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80

Cmpd
No. Structure

Chemical Name

Data
(MS
or

NMR)

58 Cl

Cl

Z,

HOw \

59 HO

60

!

\
'z,
\ Z

%X
HOmu:- -': ::=
?/\

(1R,28,3R,5R)-3-(4-
amino-7H-

pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1s,3R)-3-(2-(5,6-
dichloro-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(meth-
ylamino)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((18,3R)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(cyclo-
butylmethyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((isopropyl((11,3S)-3-
(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

NMR
data

586.4
M+ H)*

588.2
M+ H)*
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82

Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

61
HO,

\
Z
\ Z,

/ NH

62

.“‘

.

HOe

NH,

d Q

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((isopropyl((1s,3R)-
3-(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(1R,28,3R,5R)-3-(4-
amino-7H-

pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl(3-(2-(5-
(oxetan-3-yl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yl)-5-
((methyl((11,3S)-3-
(2-(5-(oxetan-3-yl)-

1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

5887
(M + H)*

NMR
data

5354
M+ H)*
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84

Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

64 NH,
N

I\L
:N N

HO . /

HO

\\\\

65 NH,

"//N
4T

66 F

Z,

HOmn-
N
C ]
/ NH

N

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
y1)-5-((methyl(3-(2-
(5-(oxetan-3-yl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahy-
drofuran-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yl)-5-
((methyl((1s,3R)-3-
(2-(5-(oxetan-3-yl)-

1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahy-
drofuran-3,4-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
(((3-(2-(5-(tert-
butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
butyl)(2,2,2-
trifluoroethyl)ami-
no)methyl)cyclo-
pentane-1,2-diol

535.3
M+ H)*

5354
M+ H)*

600.2
M+ H)*
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Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

67

NH,

QQ

o

HO

HO

68 NH,

QR

HO

HO

69

\‘\\

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-(((3-(2-(5-
cyclobutyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-

yDtetrahydrofuran-
HN, O 3,4-diol
N

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-(((3-(2-(5-(1-
methoxy-2-
methylpropan-2-yl)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-

HN d]pyrimidin-7-yl)-5-

((((1r,38)-3-(2-(5-
W ~ (tert-butyl)-1H-
o N benzo[d]imidazol-2-

D ylethyl)cyclo-
~ buty!l)(methy!l)ami-
N

no)methyl)cyclo-
pentane-1,2-diol

561.5
M+ H)*

565.4
M+ H)*

532.3
M+ H)*
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Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

70

HOmn:-

@e

NH,

71 NH,

HO

72 NH,

HO

..\“‘z\/z

(1R,28,3R,5R)-3-(4-
amino-7H-
pyrrolo[2,3-

N d]pyrimidin-7-yl)-5-
O ((((15.3R)-3-C-(6-
\\\\\)\ (tert-butyl)-1H-

benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)cyclo-
pentane-1,2-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yh-5-((((11,38)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((18,3R)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

532.3
M+ H)*

5353
M+ H)*

5353
M+ H)*
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Data
(MS
Cmpd or
No. Structure Chemical Name NMR)

73 (2R,3R 4S,5R)-2-(6- 549.3
amino-9H-purin-9- M+ H)*
yD-5-((((11,38)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
yl(ethyl)cyclobutyl)(eth-
ylamino)methyl)tetra-

NIL, HN O hydrofuran-3,4-diol
N
N
@)
—Q ',,,/N

74 (2R,3R 4S,5R)-2-(6- 549.3
amino-9H-purin-9- M+ H)*
yD-5-((((18,3R)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(eth-
ylamino)methyl)tetra-
hydrofuran-3,4-diol

75 (2R,3R 4S,5R)-2-(4- 562.5
amino-7H- M+ H)*
pyrrolo[2,3-

NH,

==\

d]pyrimidin-7-yl)-5-
((((18,3R)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-
3,4-diol
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92

Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

76
HO,

HOmn:

NH, HN
F
F
6}
F

HOmu:

—\
/
\ Z,

77

78

HO,
% N F
F

HOmu:-

Z

[

AN

N
x
A

NH, HN

(2R,3R 4S,5R)-2-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((isopropyl((1s,3R)-
3-(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

(2R,3R 4S,5R)-2-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1,3R)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
butyl)(2,2,2-
trifluoroethyl)ami-
no)methyl)tetrahydro-
furan-3,4-diol

(2R,3R 4S,5R)-2-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-
(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
butyl)(2,2,2-trifluoro-
ethyl)amino)methyl)tetra-
hydrofuran-3,4-diol

590.3
M+ H)*

602.3
M+ H)*

602.3
M+ H)*
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94

Cmpd
No. Structure

Chemical Name

Data
(MS
or

NMR)

Z

79
NH,
N\ _NH
N
& )
/~o
HO
N—
80 i
N

NH,
)I N\ _NH
N \ N\
LY

HO

\\
Zin,
les]

81 Cl

“,

/z/

HOmmn:-

NH,

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-(((3-(2-(5-(tert-
butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(eth-
ylamino)methyl)tetra-
hydrofuran-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((18,3R)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
butyl)(2,2,2-
trifluoroethyl)ami-
no)methyl)tetrahydro-
furan-3,4-diol

(1R,2R 48)-2-(4-
amino-7H-

pyrrolo[2,3-
d]pyrimidin-7-yl)-4-
((((Ar,3R)-3-(2-(5-
chloro-6-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(meth-
ylamino)methyl)cyclo-
pentanol

5493
(M + H)*

603.3
M+ H)*

562.3
M+ H)*
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Data

(MS
Cmpd or
No. Structure Chemical Name NMR)

82 (2R,3R 4S,5R)-2-(6- 603.3
amino-9H-purin-9- M+ H)*
yD-5-(((3-(2-(5-(tert-

butyl)-1H-

benzo[d]imidazol-2-

ylethyl)cyclo-

butyl)(2,2,2-

trifluoroethyl)ami-
no)methyl)tetrahydro-

N\ NH furan-3,4-diol
N
(@]
HO
5 F
///// N\/% F
F
N
i N
HN

/=Z
\ /
WA AT

HO

83 (1R,2R 48)-2-(4- 5445
amino-7H- M+ H)*
pyrrolo[2,3-

d]pyrimidin-7-yl)-4-

(((3-(2-(5-(tert-

butyl)-1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-

yl)cyclopentanol

HOun:-

NH,

84 (1R,2R 48)-2-(4- 390.3
amino-7H- M+ H)*
pyrrolo[2,3-

N d]pyrimidin-7-yl)-4-
(((3-(2-(5-chloro-6-
HOmu:- (trifluoromethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-

N\ N propyl)amino)meth-
( yl)cyclopentanol
N A /
T N
NH, HN
Cl
F
F
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Cmpd
No. Structure Chemical Name

Data
(MS
or
NMR)

85 Cl (1R,2R 48)-2-(4-
F amino-7H-
F pyrrolo[2,3-
d]pyrimidin-7-yl)-4-
N F (((15,38)-3-(2-(5-

| chloro-6-
(trifluoromethyl)-1H-

“.\\\\\\)\ benzo[d]imidazol-2-

ylethyl)cyclobutyl)(meth-

ylamino)methyl)cyclo-
N pentanol

s,

—

HOumn:-

86 (2R,3R 4S,5R)-2-(4-
amino-7H-
pyrrolo[2,3-

HN d]pyrimidin-7-yl)-5-

((((1r,38)-3-(2-(5-
\\\\)% (tert-butyl)-1H-
o N benzo[d]imidazol-2-
D ylethyl)cyclo-
3 buty!l)(methy!l)ami-

N no)methyl)tetrahydro-
\ furan-3,4-diol

(3

2,

87 (2R,3R 4S,5R)-2-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-

((isopropyl((11,3S)-3-
(2-5-

N
HOnm %
O (trifluoromethoxy)-
1H-
l

HO),

N benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

[

AN

N
X
F

N, HN
F
F
0

562.3
(M + H)*

5343
(M + H)*

590.3
(M + H)*
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100

Cmpd
No. Structure

Data

(MS

or
Chemical Name NMR)

88

wnet

89

NH,

90

NH, HN

(2R,3R 4S,5R)-2-(4- 548.3
amino-7H- M+ H)*
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
((((18,3R)-3-(2-(5-

(tert-butyl)-1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)(eth-
ylamino)methyl)tetra-
hydrofuran-3,4-diol

(2R,3R 4S,5R)-2-(4- 548.3
amino-7H- M+ H)*
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-

((((1r,38)-3-(2-(5-

(tert-butyl)-1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)(eth-
ylamino)methyl)tetra-
hydrofuran-3,4-diol

(2R,3R 4S,5R)-2-(4- 562.5
amino-7H- M+ H)*
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
((((1r,38)-3-(2-(5-

(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-

3,4-diol
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102

Cmpd
No. Structure

Data

(MS

or
Chemical Name NMR)

91

92

NH,

93

(2R,3R 4S,5R)-2-(6- 591.2
amino-9H-purin-9- M+ H)*
yh)-5-

((isopropyl((11,3S)-3-

@-G-

(trifluoromethoxy)-

1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahydro-
faran-3,4-diol

(2R,3R,4S,5R)-2-(4- 5343
amino-7H- M+ H)"
pyrrolo[2,3-

d]pyrimidin-7-yl)-5-
(((15,3R)-3-(2-(5-

(tert-butyl)-1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)(meth-
ylamino)methyl)tetra-
hydrofuran-3,4-diol

(2R,3R 4S,5R)-2-(6- 591.3
amino-9H-purin-9- M+ H)*
yD)-5-

((isopropyl((1s,3R)-

3-(2-(5-

(trifluoromethoxy)-

1H-

benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol
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104

Cmpd
No. Structure

Chemical Name

Data
(MS
or

NMR)

94

@®

NH,

95

jas)
e
/z

@

NH,

96 NH,

HO /

S

G

.\‘\\\

(2R,3R 4S,5R)-2-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl((11,3S)-3-
(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

(2R,3R 4S,5R)-2-(4-
amino-7H-
pyrrolo[2,3-
d]pyrimidin-7-yl)-5-
((methyl((1s,3R)-3-
(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino)-9H-purin-9-
yl)-5-
((methyl((11,3S)-3-
(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

5622
(M + H)*

562.3
(M + H)*

563.3
M+ H)*
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Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

97 @>

,

HO
L,/
N

HO

98 NH,

L

HO

.»\“z\/z

"0, N,
HO

99 NH,

HO

HO

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yh)-5-
((methyl((1s,3R)-3-
(2-(5-
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetra-
hydrofuran-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((11,38)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahydro-
furan-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((18,3R)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahydro-
furan-3,4-diol

563.3
M+ H)*

521.3
M+ H)*

521.3
M+ H)*
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Data
(MS
Cmpd or
No. Structure Chemical Name NMR)
100 F (2R,3R 4S,5R)-2-(6- 591.3

F amino-9H-purin-9- M+ H)*
0 y1)-5-((isopropyl(3-

F 2-5
(trifluoromethoxy)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahydro-

NH, furan-3,4-diol

N\ NH
N
L
N N
¢}
HO

d /N>/
)

Z

N

S
N

101 (1R,2R 48)-2-(4- 544.1
amino-7H- M+ H)*
pyrrolo[2,3-

d]pyrimidin-7-yl)-4-

((((11,3R)-3-(2-(5-

N
HOm-- j (tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-

N N propyl)amino)meth-

( = yl)cyclopentanol
I 1y

NH, HN
102 (2R,3R 4S,5R)-2-(6- 603.3
amino-9H-purin-9- M+ H)*
yh-5-((((11,38)-3-(2-
(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
butyl)(2,2,2-
trifluoroethyl)ami-
NH, N no)methyl)tletrahyd.ro—
\ NI furan-3,4-diol
N
DB
L
e}
HO
.. F
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Data
(MS
Cmpd or
No. Structure Chemical Name NMR)
103 (1R,2R 48)-2-(4- 589.9
amino-7H- M+ H)*
pyrrolo[2,3-
N d]pyrimidin-7-yl)-4-
(((15,38)-3-(2-(5-
HOwwm- chloro-6-

(trifluoromethyl)-1H-
benzo[d]imidazol-2-

N, N Y ylethyl)cyclobutyl)(iso-
( x B propyl)amino)meth-
yl)cyclopentanol
I 1y

==

NIL HN
Cl
F
F F

104 (1R,2R A4S )-2-(4- 544.1
amino-7H- M+ H)*
pyrrolo[2,3-

N d]pyrimidin-7-yl)-4-
((((18,38)-3-(2-(5-
HOme (tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yl)cyclopentanol

Z:\Z
W
\Z

/
2z,

NIL HN

105 (1R,2R 48)-2-(4- 589.9
amino-7H- M+ H)*
pyrrolo[2,3-

d]pyrimidin-7-yl)-4-

((((11,3R)-3-(2-(5-

N
HOMw F chloro-6-
(trifluoromethyl)-1H-
benzo[d]imidazol-2-
l

ylethyl)cyclobutyl)(iso-
NIL HN
Cl
F
F

propyl)amino)meth-
yl)cyclopentanol
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Cmpd
No. Structure

Chemical Name

Data
(MS
or
NMR)

106

HO

Y

107

ey

|
LA~y

HO

o

029_—“'Iq+ o
HO

108 HO

HO

929_—“'TJ
HO >/

(11,38)-N-
(((2R,35,4R,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-yl)methyl)-3-
(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)-N-
isopropyleyclobu-
tanamine oxide

(R,1s,3R)-N-
(((2R,35,4R,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-yl)methyl)-3-
(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-
ylethyl)-N-
isopropyleyclobu-
tanamine oxide

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((1r,38)-3-(2-
(5-(1-hydroxy-2-
methylpropan-2-yl)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-
3,4-diol

5794
(M + H)*

5794
(M + H)*

5794
M+ H)*
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114

Cmpd
No. Structure

Chemical Name

Data
(MS
or

NMR)

109 HO

NI,
)I N\ _-NH
NN

A
PN,

\\\\

HO

&
.
%, N,

ud >/

110 NH,

Me

Me O

111

NH, HNQN

HO

N

Y N,

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((1s,3R)-3-(2-
(5-(1-hydroxy-2-
methylpropan-2-yl)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-
3,4-diol

1-((3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-
yl)methyl)(methyl)ami-
no)cyclobutyl)meth-
y1)-3-(4-(tert-
butyl)phenyl)urea

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-(((3-(2-(5-
cyclobutyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-
3,4-diol

5794
(M + H)*

539.3
(M + H)*

561
(M + H)*
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Data
(MS
Cmpd or
No. Structure Chemical Name NMR)
112 (2R,3R 4S,5R)-2-(6- 547
amino-9H-purin-9- M+ H)*
yD-5-(((3-(2-(5-
cyclopropyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
HN yl)tetlrahyd.roﬁiran—
)I N 3,4-diol
e}
HO
""’//N
HO
113 F (2R,3R 4S,5R)-2-(6- 589
amino-9H-purin-9- M+ H)*
F y1)-5-((isopropyl(3-
. @-(5-2.2.2-
trifluoroethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
HN no)methyl)tetra-
)t[ N hydrofuran-3,4-diol
e}
HO
""//N
HO 7/
114 (2R,3R 4S,5R)-2-(6- 561
amino-9H-purin-9- M+ H)*

yD-5-((((1s,3R)-3-(2-
(5-cyclobutyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-

yDtetrahydrofuran-
HN O 3,4-diol
N

o
e

"',,/N

.\“

HO
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(2R,3R,4S,5R)-2-(6-
amino-9H-purin-9-
YD-5-(((1r.38)-3-(2-
(5-cyclobutyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-
3,4-diol

(2R,3R,4S,5R)-2-(6-
amino-9H-purin-9-
¥D-5-(1538)-3-2-
(5-cyclopropyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-
3,4-diol

1-(2-(2-(3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-
yl)methyl)(isopro-
pylamino)cyclo-
butyl)ethyl)-1H-
benzo[d]imidazol-5-
yl)cyclobutanecarbon-
itrile

561
M+ H)*

547
M+ H)*

586
M+ H)*
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HO
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(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
y1)-5-((isopropyl(3-
(2-(5-(1-methoxy-2-
methylpropan-2-yl)-

1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahy-
rofuran-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((1s,3R)-3-(2-
(5-cyclopropyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)(iso-
propyl)amino)meth-
yDtetrahydrofuran-
3,4-diol

2-(2-(2-(3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-
yl)methyl)(isopro-
pyl)amino)cyclo-
butyl)ethyl)-1H-
benzo[d]imidazol-5-
yl)-2-
methylpropanenitrile

593
(M + H)*

547
(M + H)*

574
M+ H)*
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HO
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(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yl)-5-
((isopropyl((1s,3R)-
3-(2-(5-(1-methoxy-
2-methylpropan-2-
yl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahy-
drofuran-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yl)-5-
((isopropyl((11,3S)-3-
(2-(5-(1-methoxy-2-
methylpropan-2-yl)-
1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)telrahy-
drofuran-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yl)-5-
((isopropyl((1s,3R)-
3-(2-(5-(2,2,2-
trifluoroethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahy-
drofuran-3,4-diol

593
M+ H)*

593
(M + H)*

589
(M + H)*
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(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yl)-5-
((isopropyl((11,3S)-3-
(2-(5-(2,2,2-
trifluoroethyl)-1H-
benzo[d]imidazol-2-
ylethyl)cyclobutyl)ami-
no)methyl)tetrahy-
drofuran-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-(((3-(2-(5-
cyclobutyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

1-(2-(2-(3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-
yl)methyl)(isopro-
pyl)amino)cyclo-
butyl)ethyl)-1H-
benzo[d]imidazol-5-
yl)cyclopropane-
carbonitrile

589
(M + H)*

533
(M + H)*

572
M+ H)*
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(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
¥)-5-((3-(2-(5-
cyclopropyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
butyl)(methyl)ami-
no)methyl)tetrahydro-
furan-3,4-diol

2-(2-(2-((18,31)-3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-
ylmethyl)(isopropyl)ami-
no)cyclobutyl)eth-
yl)-1H-
benzo[d]imidazol-5-
yb-2-
methylpropanenitrile

2-(2-(2-((1R,38)-3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-9-
yD)-3,4-
dihydroxytetrahydro-
furan-2-
yl)methyl)(isopro-
pylamino)cyclo-
butyl)ethyl)-1H-
benzo[d]imidazol-5-
yD)-2-
methylpropanenitrile

519
M + H)*

574
M + H)*

574
M + H)*
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1-(2-(2-(3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-
yl)methyl)(methyl)ami-
no)cyclo-
butyl)ethyl)-1H-
benzo[d]imidazol-5-
yl)cyclopropane-
carbonitrile

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((1r,38)-3-(2-
(5-cyclobutyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((18,3R)-3-(2-
(5-cyclobutyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

544
(M + H)*

533
(M + H)*

533
(M + H)*
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(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((1r,38)-3-(2-
(5-cyclopropyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

(2R,3R 4S,5R)-2-(6-
amino-9H-purin-9-
yD-5-((((1s,3R)-3-(2-
(5-cyclopropyl-1H-
benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

1-(2-(2-((18,31)-3-
(({((2R,38,4R,,5R)-5-
(6-amino-9H-purin-9-
yl)-3,4-
dihydroxytetrahydro-
furan-2-
yl)methyl)(isopro-
pyl)amino)cyclo-
butyl)ethyl)-1H-
benzo[d]imidazol-5-
yl)cyclopropanecar-
bonitrile

519
M+ H)*

519
(M + H)*

572
M+ H)*
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136 N 1-(2-(2-((1R, 35)-3- 572
== (((QR,3S4R,5R)-5- M+H*
(6-amino-9H-purin-9-
yD-3,4-
dihydroxytetrahydro-
furan-2-
yl)methyl)(isopro-
NH, HN, O pyl)amino)cyclo-
N butyl)ethyl)-1H-
N benzo[d]imidazol-5-
N yl(cyclopropanecar-
k B3 bonitrile
e}
HO
%N,
HO >/
137 NH, 1-(2-(2-((18,31)-3- 544
((((2R,3S,4R,5R)-5- M+ H)*
N (6-amino-9H-purin-9-
N yD)-3,4-
O dihydroxytetrahydro-
furan-2-
N N yl)methy!)(methyl)ami-
K3 no)cyclobutyl)ethyl)-1H-
(@] benzo[d]imidazol-5-
HO yl)cyclopropanecar-
/ bonitrile
Y N/,'
s
."'I'I//YN \
138 NI, 1-(2-(2-((1R, 35)-3- 544
(((CR,3S,4R,5R)-5- (M+H)*

(6-amino-9H-purin-9-

N
N yD)-3,4-
O O> dihydroxytetrahydro-
furan-2-
N N yhmethyl)(methylami-
no)cyclobutyl)ethyl)-1H-
(6] benzo[d]imidazol-5-

HO / yl)cyclopropanecar-

\‘\\

.. bonitrile
“,

HO

HN
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139 (2R,3R 4S,5R)-2-(6- 561
amino-9H-purin-9- M+ H)*
y1)-5-((isopropyl(3-
(2-(5-(1-
methyleyclopropyl)-
1H-
benzo[d]imidazol-2-
NH, N O yl)ethyl)cyclobutyl)ami-
N no)methyl)tetra-
N N> hydrofuran-3,4-diol
e}
HO
N
HO 7/
140 NI, (2R,3R 4S,5R)-2-(6- 565
amino-9H-purin-9- M+ H)*
N yD-5-(((3-(2-(5-(1-
N methoxy-2-
O> methylpropan-2-yl)-

1H-

\‘\\

HO ) /

HO

benzo[d]imidazol-2-
ylethyl)cyclo-
buty!l)(methy!l)ami-
no)methyl)tetrahydro-
furan-3,4-diol

Asused herein, “alkyl”, “C,, C,, C;, C,, C5 or C, alkyl” or
“C,-Cg alkyl” is intended to include C,, C,, C;, C,, C5 or Cq
straight chain (linear) saturated aliphatic hydrocarbon groups
and C;, C,, C5 or C, branched saturated aliphatic hydrocar-
bon groups. For example, C,-C; alkyl is intended to include
C,, C,, C;, C,, C5 and Cq alkyl groups. Examples of alkyl
include, moieties having from one to six carbon atoms, such
as, but not limited to, methyl, ethyl, n-propyl, i-propyl, n-bu-
tyl, s-butyl, t-butyl, n-pentyl, s-pentyl or n-hexyl.

In certain embodiments, a straight chain or branched alkyl
has six or fewer carbon atoms (e.g., C,-C, for straight chain,
C;-C, for branched chain), and in another embodiment, a
straight chain or branched alkyl has four or fewer carbon
atoms.

As used herein, the term “cycloalkyl]” refers to a saturated
orunsaturated nonaromatic hydrocarbon mono- or multi-ring
system having 3 to 30 carbon atoms (e.g., C5-C, ). Examples
of cycloalkyl include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclopentenyl, cyclohexenyl, cycloheptenyl, and adamantyl.
The term “heterocycloalkyl” refers to a saturated or unsatur-
ated nonaromatic 5-8 membered monocyclic, 8-12 mem-
bered bicyclic, or 11-14 membered tricyclic ring system hav-
ing one or more heteroatoms (such as O, N, S, or Se).

45

55

60

65

Examples of heterocycloalkyl groups include, but are not
limited to, piperazinyl, pyrrolidinyl, dioxanyl, morpholinyl,
and tetrahydrofuranyl.

The term “optionally substituted alkyl” refers to unsubsti-
tuted alkyl or alkyl having designated substituents replacing
one or more hydrogen atoms on one or more carbons of the
hydrocarbon backbone. Such substituents can include, for
example, alkyl, alkenyl, alkynyl, halogen, hydroxyl, alkylcar-
bonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycar-
bonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxy-
carbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phos-
phate, phosphonato, phosphinato, amino (including alky-
lamino, dialkylamino, arylamino, diarylamino and alkylary-
lamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates,
alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro, trif-
luoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aro-
matic or heteroaromatic moiety.

An “arylalky]l” or an “aralkyl” moiety is an alkyl substi-
tuted with an aryl (e.g., phenylmethyl (benzyl)). An “alky-
lary]” moiety is an aryl substituted with an alkyl (e.g., meth-
ylphenyl).
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Asused herein, “alkyllinker” is intended to include C,, C,,
C,, C,, Cs or Cq straight chain (linear) saturated divalent
aliphatic hydrocarbon groups and C;, C,, C; or Cg branched
saturated aliphatic hydrocarbon groups. For example, C,-Cg
alkyl linker is intended to include C,, C,, C;, C,, C5 and Cgq
alkyl linker groups. Examples of alkyl linker include, moi-
eties having from one to six carbon atoms, such as, but not
limited to, methyl (—CH,—), ethyl (—CH,CH,—), n-pro-
pyl (—CH,CH,CH,—), i-propyl (—CHCH,CH,—), n-bu-
tyl (—CH,CH,CH,CH,—), s-butyl (—CHCH,CH,CH,—),

i-butyl (—C(CH,),CH,—), n-pentyl
(—CH,CH,CH,CH,CH,—), s-pentyl
(—CHCH;CH,CH,CH,—) or n-hexyl

(—CH,CH,CH,CH,CH,CH,—).

“Alkenyl” includes unsaturated aliphatic groups analogous
in length and possible substitution to the alkyls described
above, but that contain at least one double bond. For example,
the term “alkenyl” includes straight chain alkenyl groups
(e.g., ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl), and branched alkenyl groups. In
certain embodiments, a straight chain or branched alkenyl
group has six or fewer carbon atoms in its backbone (e.g.,
C,-C for straight chain, C;-C, for branched chain). The term
“C,-Cg” includes alkenyl groups containing two to six carbon
atoms. The term “C;-C,” includes alkenyl groups containing
three to six carbon atoms.

The term “optionally substituted alkenyl” refers to unsub-
stituted alkenyl or alkenyl having designated substituents
replacing one or more hydrogen atoms on one or more hydro-
carbon backbone carbon atoms. Such substituents can
include, for example, alkyl, alkenyl, alkynyl, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo-
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylami-
nocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl,
alkoxyl, phosphate, phosphonato, phosphinato, amino (in-
cluding alkylamino, dialkylamino, arylamino, diarylamino
and alkylarylamino), acylamino (including alkylcarbony-
lamino, arylcarbonylamino, carbamoyl and ureido), amidino,
imino, sulthydryl, alkylthio, arylthio, thiocarboxylate, sul-
fates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, heterocyclyl, alkylaryl, or an aro-
matic or heteroaromatic moiety.

“Alkynyl” includes unsaturated aliphatic groups analogous
in length and possible substitution to the alkyls described
above, but which contain at least one triple bond. For
example, “alkynyl” includes straight chain alkynyl groups
(e.g., ethynyl, propynyl, butynyl, pentynyl, hexynyl, hepty-
nyl, octynyl, nonynyl, decynyl), and branched alkynyl
groups. In certain embodiments, a straight chain or branched
alkynyl group has six or fewer carbon atoms in its backbone
(e.g., C,-Cg for straight chain, C;-C, for branched chain). The
term “C,-C,” includes alkynyl groups containing two to six
carbon atoms. The term “C,;-C,” includes alkynyl groups
containing three to six carbon atoms.

The term “optionally substituted alkynyl” refers to unsub-
stituted alkynyl or alkynyl having designated substituents
replacing one or more hydrogen atoms on one or more hydro-
carbon backbone carbon atoms. Such substituents can
include, for example, alkyl, alkenyl, alkynyl, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo-
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylami-
nocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl,
alkoxyl, phosphate, phosphonato, phosphinato, amino (in-
cluding alkylamino, dialkylamino, arylamino, diarylamino
and alkylarylamino), acylamino (including alkylcarbony-
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lamino, aryl carbonylamino, carbamoyl and ureido), ami-
dino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate,
sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido,
nitro, triffuoromethyl, cyano, azido, heterocyclyl, alkylaryl,
or an aromatic or heteroaromatic moiety.

Other optionally substituted moieties (such as optionally
substituted cycloalkyl, heterocycloalkyl, aryl, or heteroaryl)
include both the unsubstituted moieties and the moieties hav-
ing one or more of the designated substituents.

“Aryl” includes groups with aromaticity, including “con-
jugated,” or multicyclic systems with at least one aromatic
ring and do not contain any heteroatom in the ring structure.
Examples include phenyl, benzyl, 1,2,3,4-tetrahydronaph-
thalenyl, etc.

“Heteroaryl” groups are aryl groups, as defined above,
except having from one to four heteroatoms in the ring struc-
ture, and may also be referred to as “aryl heterocycles” or
“heteroaromatics.” As used herein, the term “heteroaryl” is
intended to include a stable 5- or 6-membered monocyclic or
7-, 8-,9-,10-, 11- or 12-membered bicyclic aromatic hetero-
cyclic ring which consists of carbon atoms and one or more
heteroatoms, e.g., 1 or 1-2 or 1-3 or 1-4 or 1-5 or 1-6 heteroa-
toms, or e.g., 1, 2, 3, 4, 5, or 6 heteroatoms, independently
selected from the group consisting of nitrogen, oxygen and
sulfur. The nitrogen atom may be substituted or unsubstituted
(i.e., N or NR wherein R is H or other substituents, as defined)
. The nitrogen and sulfur heteroatoms may optionally be
oxidized (i.e., N—=0O and 5(0O),, where p=1 or 2). It is to be
noted that total number of S and O atoms in the aromatic
heterocycle is not more than 1.

Examples of heteroaryl groups include pyrrole, furan,
thiophene, thiazole, isothiazole, imidazole, triazole, tetra-
zole, pyrazole, oxazole, isoxazole, pyridine, pyrazine,
pyridazine, pyrimidine, and the like.

Furthermore, the terms “aryl” and “heteroaryl” include
multicyclic aryl and heteroaryl groups, e.g., tricyclic, bicy-
clic, e.g., naphthalene, benzoxazole, benzodioxazole, ben-
zothiazole, benzoimidazole, benzothiophene, methylene-
dioxyphenyl, quinoline, isoquinoline, naphthrydine, indole,
benzofuran, purine, benzofuran, deazapurine, indolizine.

In the case of multicyclic aromatic rings, only one of the
rings needs to be aromatic (e.g., 2,3-dihydroindole), although
all of the rings may be aromatic (e.g., quinoline). The second
ring can also be fused or bridged.

The aryl or heteroaryl aromatic ring can be substituted at
one or more ring positions with such substituents as described
above, for example, alkyl, alkenyl, alkynyl, halogen,
hydroxyl, alkoxy, alkylcarbonyloxy, arylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkyl-
carbonyl, alkylaminocarbonyl, aralkyl aminocarbonyl, alk-
enyl aminocarbonyl, alkyl carbonyl, aryl carbonyl, aralkyl-
carbonyl, alkenylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylthiocarbonyl, phosphate, phosphonato, phosphinato,
amino (including alkylamino, dialkylamino, arylamino, dia-
rylamino and alkylarylamino), acylamino (including alkyl-
carbonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxy-
late, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfona-
mido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alky-
laryl, or an aromatic or heteroaromatic moiety. Aryl groups
can also be fused or bridged with alicyclic or heterocyclic
rings, which are not aromatic so as to form a multicyclic
system (e.g., tetralin, methylenedioxyphenyl).

As used herein, “carbocycle” or “carbocyclic ring” is
intended to include any stable monocyclic, bicyclic or tricy-
clic ring having the specified number of carbons, any of which
may be saturated, unsaturated, or aromatic. For example, a
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C;-C, , carbocycle is intended to include a monocyclic, bicy-
clic or tricyclic ring having 3,4, 5,6,7,8,9, 10,11, 12, 13 or
14 carbon atoms. Examples of carbocycles include, but are
not limited to, cyclopropyl, cyclobutyl, cyclobutenyl, cyclo-
pentyl, cyclopentenyl, cyclohexyl, cycloheptenyl, cyclohep-
tyl, cycloheptenyl, adamantyl, cyclooctyl, cyclooctenyl,
cyclooctadienyl, fluorenyl, phenyl, naphthyl, indanyl, ada-
mantyl and tetrahydronaphthyl. Bridged rings are also
included in the definition of carbocycle, including, for
example, [3.3.0]bicyclooctane, [4.3.0]bicyclononane, [4.4.0]
bicyclodecane and [2.2.2]bicyclooctane. A bridged ring
occurs when one or more carbon atoms link two non-adjacent
carbon atoms. In one embodiment, bridge rings are one or two
carbon atoms. It is noted that a bridge always converts a
monocyclic ring into a tricyclic ring. When a ring is bridged,
the substituents recited for the ring may also be present on the
bridge. Fused (e.g., naphthyl, tetrahydronaphthyl) and spiro
rings are also included.

As used herein, “heterocycle” includes any ring structure
(saturated or partially unsaturated) which contains at least
one ring heteroatom (e.g., N, O or S). Examples of hetero-
cycles include, but are not limited to, morpholine, pyrroli-
dine, tetrahydrothiophene, piperidine, piperazine and tet-
rahydrofuran.

Examples of heterocyclic groups include, but are not lim-
ited to, acridinyl, azocinyl, benzimidazolyl, benzofuranyl,
benzothiofuranyl, benzothiophenyl, benzoxazolyl, benzox-
azolinyl, benzthiazolyl, benztriazolyl, benztetrazolyl, ben-
zisoxazolyl, benzisothiazolyl, benzimidazolinyl, carbazolyl,
4aH-carbazolyl, carbolinyl, chromanyl, chromenyl, cinnoli-
nyl, decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl, dihydro-
furo[2,3-b]tetrahydrofuran, furanyl, furazanyl, imidazolidi-
nyl, imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl,
indolinyl, indolizinyl, indolyl, 3H-indolyl, isatinoyl, isoben-
zofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoin-
dolyl, isoquinolinyl, isothiazolyl, isoxazolyl, methylenediox-
yphenyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,
4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2.4-
oxadiazol5(4H)-one, oxazolidinyl, oxazolyl, oxindolyl, pyri-
midinyl, phenanthridinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, phenoxathinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl, pipero-
nyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, pyri-
doimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl,
quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tet-
rahydrofuranyl, tetrahydroisoquinolinyl, tetrahydroquinoli-
nyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,
4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl,
thianthrenyl, thiazolyl, thienyl, thienothiazolyl, thienoox-
azolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-triaz-
olyl, 1,2.4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl and xan-
thenyl.

The term “substituted,” as used herein, means that any one
or more hydrogen atoms on the designated atom is replaced
with a selection from the indicated groups, provided that the
designated atom’s normal valency is not exceeded, and that
the substitution results in a stable compound. When a sub-
stituent is oxo or keto (i.e., —O), then 2 hydrogen atoms on
the atom are replaced. Keto substituents are not present on
aromatic moieties. Ring double bonds, as used herein, are
double bonds that are formed between two adjacent ring
atoms (e.g., C—C, C—N or N-—N). “Stable compound” and
“stable structure” are meant to indicate a compound that is
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sufficiently robust to survive isolation to a useful degree of
purity from a reaction mixture, and formulation into an effi-
cacious therapeutic agent.

When a bond to a substituent is shown to cross a bond
connecting two atoms in a ring, then such substituent may be
bonded to any atom in the ring. When a substituent is listed
without indicating the atom via which such substituent is
bonded to the rest of the compound of a given formula, then
such substituent may be bonded via any atom in such formula.
Combinations of substituents and/or variables are permis-
sible, but only if such combinations result in stable com-
pounds.

When any variable (e.g., R ;) occurs more than one time in
any constituent or formula for a compound, its definition at
each occurrence is independent of its definition at every other
occurrence. Thus, for example, if a group is shown to be
substituted with 0-2 R, moieties, then the group may option-
ally be substituted with up to two R, moieties and R, at each
occurrence is selected independently from the definition of
R,. Also, combinations of substituents and/or variables are
permissible, but only if such combinations result in stable
compounds.

The term “hydroxy” or “hydroxyl” includes groups with an
—OH or

As used herein, “halo” or “halogen” refers to fluoro,
chloro, bromo and iodo. The term “perhalogenated” gener-
ally refers to a moiety wherein all hydrogen atoms are
replaced by halogen atoms. The term “haloalkyl” or
“haloalkoxyl” refers to an alkyl or alkoxyl substituted with
one or more halogen atoms.

The term “carbonyl” includes compounds and moieties
which contain a carbon connected with a double bond to an
oxygen atom. Examples of moieties containing a carbonyl
include, but are not limited to, aldehydes, ketones, carboxylic
acids, amides, esters, anhydrides, etc.

The term “carboxyl” refers to —COOH or its C,-C, alkyl
ester.

“Acyl” includes moieties that contain the acyl radical
(R—C(O)—) or a carbonyl group. “Substituted acyl”
includes acyl groups where one or more of the hydrogen
atoms are replaced by, for example, alkyl groups, alkynyl
groups, halogen, hydroxyl, alkylcarbonyloxy, arylcarbony-
loxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbo-
nyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthio-
carbonyl, alkoxyl, phosphate, phosphonato, phosphinato,
amino (including alkylamino, dialkylamino, arylamino, dia-
rylamino and alkylarylamino), acylamino (including alkyl-
carbonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxy-
late, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfona-
mido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alky-
laryl, or an aromatic or heteroaromatic moiety.

“Aroyl” includes moieties with an aryl or heteroaromatic
moiety bound to a carbonyl group. Examples of aroyl groups
include phenylcarboxy, naphthyl carboxy, etc.

“Alkoxyalkyl,” “alkylaminoalkyl,” and “thioalkoxyalkyl”
include alkyl groups, as described above, wherein oxygen,
nitrogen, or sulfur atoms replace one or more hydrocarbon
backbone carbon atoms.

The twin “alkoxy” or “alkoxyl” includes substituted and
unsubstituted alkyl, alkenyl and alkynyl groups covalently
linked to an oxygen atom. Examples of alkoxy groups or
alkoxyl radicals include, but are not limited to, methoxy,
ethoxy, isopropyloxy, propoxy, butoxy and pentoxy groups.
Examples of substituted alkoxy groups include halogenated
alkoxy groups. The alkoxy groups can be substituted with
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groups such as alkenyl, alkynyl, halogen, hydroxyl, alkylcar-
bonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycar-
bonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxy-
carbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phos-
phate, phosphonato, phosphinato, amino (including alky-
lamino, dialkylamino, arylamino, diarylamino, and alkylary-
lamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates,
alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro, trif-
luoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aro-
matic or heteroaromatic moieties. Examples of halogen sub-
stituted alkoxy groups include, but are not limited to,
fluoromethoxy, difluoromethoxy, trifluoromethoxy, chlo-
romethoxy, dichloromethoxy and trichloromethoxy.

The term “ether” or “alkoxy” includes compounds or moi-
eties which contain an oxygen bonded to two carbon atoms or
heteroatoms. For example, the term includes “alkoxyalkyl,”
which refers to an alkyl, alkenyl, or alkynyl group covalently
bonded to an oxygen atom which is covalently bonded to an
alkyl group.

The term “ester” includes compounds or moieties which
contain a carbon or a heteroatom bound to an oxygen atom
which is bonded to the carbon of a carbonyl group. The term
“ester” includes alkoxycarboxy groups such as methoxycar-
bonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl,
pentoxycarbonyl, etc.

The term “thioalkyl” includes compounds or moieties
which contain an alkyl group connected with a sulfur atom.
The thioalkyl groups can be substituted with groups such as
alkyl, alkenyl, alkynyl, halogen, hydroxyl, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, carboxyacid, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl,  aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, amino
(including alkylamino, dialkylamino, arylamino, diary-
lamino and alkylarylamino), acylamino (including alkylcar-
bonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxy-
late, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfona-
mido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alky-
laryl, or an aromatic or heteroaromatic moieties.

The term “thiocarbonyl” or “thiocarboxy” includes com-
pounds and moieties which contain a carbon connected with
a double bond to a sulfur atom.

The term “thioether” includes moieties which contain a
sulfur atom bonded to two carbon atoms or heteroatoms.
Examples of thioethers include, but are not limited to alkthio-
alkyls, alkthioalkenyls, and alkthioalkynyls. The term “alk-
thioalkyls” include moieties with an alkyl, alkenyl, or alkynyl
group bonded to a sulfur atom which is bonded to an alkyl
group. Similarly, the term “alkthioalkenyls” refers to moi-
eties wherein an alkyl, alkenyl or alkynyl group is bonded to
a sulfur atom which is covalently bonded to an alkenyl group;
and alkthioalkynyls™ refers to moieties wherein an alkyl,
alkenyl or alkynyl group is bonded to a sulfur atom which is
covalently bonded to an alkynyl group.

Asused herein, “amine” or “amino” refers to unsubstituted
or substituted —NH,. “Alkylamino” includes groups of com-
pounds wherein nitrogen of —NH, is bound to at least one
alkyl group. Examples of alkylamino groups include benzy-
lamino, methylamino, ethylamino, phenethylamino, etc.
“Dialkylamino” includes groups wherein the nitrogen of
—NH, is bound to at least two additional alkyl groups.
Examples of dialkylamino groups include, but are not limited
to, dimethylamino and diethylamino. “Arylamino” and “dia-
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rylamino” include groups wherein the nitrogen is bound to at
least one or two aryl groups, respectively. “Aminoaryl” and
“aminoaryloxy” refer to aryl and aryloxy substituted with
amino. “Alkylarylamino,” “alkylaminoaryl” or “arylami-
noalkyl” refers to an amino group which is bound to at least
one alkyl group and at least one aryl group. “Alkaminoalkyl”
refers to an alkyl, alkenyl, or alkynyl group bound to a nitro-
gen atom which is also bound to an alkyl group. “Acylamino”
includes groups wherein nitrogen is bound to an acyl group.
Examples of acylamino include, but are not limited to, alky-
Icarbonylamino, arylcarbonylamino, carbamoyl and ureido
groups.

Theterm “amide” or “aminocarboxy” includes compounds
or moieties that contain a nitrogen atom that is bound to the
carbon of a carbonyl or a thiocarbonyl group. The term
includes “alkaminocarboxy” groups that include alkyl, alk-
enyl or alkynyl groups bound to an amino group which is
bound to the carbon of a carbonyl or thiocarbonyl group. It
also includes “arylaminocarboxy” groups that include aryl or
heteroaryl moieties bound to an amino group that is bound to
the carbon of a carbonyl or thiocarbonyl group. The terms
“alkylaminocarboxy”, “alkenylaminocarboxy”, “alkyny-
laminocarboxy” and “arylaminocarboxy” include moieties
wherein alkyl, alkenyl, alkynyl and aryl moieties, respec-
tively, are bound to a nitrogen atom which is in turn bound to
the carbon of a carbonyl group. Amides can be substituted
with substituents such as straight chain alkyl, branched alkyl,
cycloalkyl, aryl, heteroaryl or heterocycle. Substituents on
amide groups may be further substituted.

Compounds of the present invention that contain nitrogens
can be converted to N-oxides by treatment with an oxidizing
agent (e.g., 3-chloroperoxybenzoic acid (mCPBA) and/or
hydrogen peroxides) to afford other compounds of the present
invention. Thus, all shown and claimed nitrogen-containing
compounds are considered, when allowed by valency and
structure, to include both the compound as shown and its
N-oxide derivative (which can be designated as N—O or
N*—O"). Furthermore, in other instances, the nitrogens in
the compounds of the present invention can be converted to
N-hydroxy or N-alkoxy compounds. For example, N-hy-
droxy compounds can be prepared by oxidation of the parent
amine by an oxidizing agent such as m-CPBA. All shown and
claimed nitrogen-containing compounds are also considered,
when allowed by valency and structure, to cover both the
compound as shown and its N-hydroxy (i.e., N—OH) and
N-alkoxy (i.e., N—OR, wherein R is substituted or unsubsti-
tuted C,-C; alkyl, C,-C alkenyl, C,-C alkynyl, 3-14-mem-
bered carbocycle or 3-14-membered heterocycle) derivatives.

In the present specification, the structural formula of the
compound represents a certain isomer for convenience in
some cases, but the present invention includes all isomers,
such as geometrical isomers, optical isomers based on an
asymmetrical carbon, stereoisomers, tautomers, and the like.
In addition, a crystal polymorphism may be present for the
compounds represented by the formula. It is noted that any
crystal form, crystal form mixture, or anhydride or hydrate
thereof is included in the scope of the present invention.
Furthermore, so-called metabolite which is produced by deg-
radation of the present compound in vivo is included in the
scope of the present invention.

“Isomerism” means compounds that have identical
molecular formulae but differ in the sequence of bonding of
their atoms or in the arrangement of their atoms in space.
Isomers that differ in the arrangement of their atoms in space
are termed “stereoisomers.” Stereoisomers that are not mirror
images of one another are termed “diastereoisomers,” and
stereoisomers that are non-superimposable mirror images of
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each other are termed “enantiomers” or sometimes optical
isomers. A mixture containing equal amounts of individual
enantiomeric forms of opposite chirality is termed a “racemic
mixture.”

A carbon atom bonded to four nonidentical substituents is
termed a “chiral center.”

“Chiral isomer” means a compound with at least one chiral
center. Compounds with more than one chiral center may
exist either as an individual diastereomer or as a mixture of
diastereomers, termed “diastereomeric mixture.” When one
chiral center is present, a stereoisomer may be characterized
by the absolute configuration (R or S) of that chiral center.
Absolute configuration refers to the arrangement in space of
the substituents attached to the chiral center. The substituents
attached to the chiral center under consideration are ranked in
accordance with the Sequence Rule of Cahn, Ingold and
Prelog. (Calm et al., Angew. Chem. Inter. Edit. 1966, 5, 385;
errata 511; Cahn et al., Angew. Chem. 1966, 78, 413; Cahn
and Ingold, J. Chem. Soc. 1951 (London), 612; Cahn et al.,
Experientia 1956, 12, 81; Calm, J. Chem. Educ. 1964, 41,
116).

“Geometric isomer” means the diastereomers that owe
their existence to hindered rotation about double bonds or a
cycloalkyl linker (e.g., 1,3-cylcobutyl). These configurations
are differentiated in their names by the prefixes cis and trans,
or Z and E, which indicate that the groups are on the same or
opposite side of the double bond in the molecule according to
the Cahn-Ingold-Prelog rules.

It is to be understood that the compounds of the present
invention may be depicted as different chiral isomers or geo-
metric isomers. It should also be understood that when com-
pounds have chiral isomeric or geometric isomeric forms, all
isomeric forms are intended to be included in the scope of the
present invention, and the naming of the compounds does not
exclude any isomeric forms.

For example, compounds of Formula (I) includes those of
the following chiral isomers and geometric isomers.

(Ia)
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Furthermore, the structures and other compounds dis-
cussed in this invention include all atropic isomers thereof.
“Atropic isomers” are a type of stereoisomer in which the
atoms of two isomers are arranged differently in space. Atro-
pic isomers owe their existence to a restricted rotation caused
by hindrance of rotation of large groups about a central bond.
Such atropic isomers typically exist as a mixture, however as
a result of recent advances in chromatography techniques, it
has been possible to separate mixtures of two atropic isomers
in select cases.

“Tautomer” is one of two or more structural isomers that
exist in equilibrium and is readily converted from one iso-
meric form to another. This conversion results in the formal
migration of a hydrogen atom accompanied by a switch of
adjacent conjugated double bonds. Tautomers exist as a mix-
ture of a tautomeric set in solution. In solutions where tau-
tomerization is possible, a chemical equilibrium of the tau-
tomers will be reached. The exact ratio of the tautomers
depends on several factors, including temperature, solvent
and pH. The concept of tautomers that are interconvertable by
tautomerizations is called tautomerism.

Of the various types of tautomerism that are possible, two
are commonly observed. In keto-enol tautomerism a simul-
taneous shift of electrons and a hydrogen atom occurs. Ring-
chain tautomerism arises as a result of the aldehyde group
(—CHO) in a sugar chain molecule reacting with one of the
hydroxy groups (—OH) in the same molecule to give it a
cyclic (ring-shaped) form as exhibited by glucose.

Common tautomeric pairs are: ketone-enol, amide-nitrile,
lactam-lactim, amide-imidic acid tautomerism in heterocy-
clic rings (e.g., in nucleobases such as guanine, thymine and
cytosine), amine-enamine and enamine-enamine. Benzimi-
dazoles also exhibit tautomerism, when the benzimidazole
contains one or more substituents in the 4, 5, 6 or 7 positions,
the possibility of different isomers arises. For example, 2,5-
dimethyl-1H-benzo[d]imidazole can exist in equilibrium
with its isomer 2,6-dimethyl-1H-benzo[d]imidazole via tau-

tomerization.
H
N N
—— -
/
N N
H
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2,5-dimethyl-1H-benzo[d]imidazole
2,6-dimethyl-1H-benzo[d]imidazole

Another example of tautomerism is shown below.

</f)

It is to be understood that the compounds of the present
invention may be depicted as different tautomers. It should
also be understood that when compounds have tautomeric
forms, all tautomeric forms are intended to be included in the
scope of the present invention, and the naming of the com-
pounds does not exclude any tautomer form.

The term “crystal polymorphs” “polymorphs” or “crystal
forms” means crystal structures in which a compound (or a
salt or solvate thereof) can crystallize in different crystal
packing arrangements, all of which have the same elemental
composition. Different crystal forms usually have different
X-ray diffraction patterns, infrared spectral, melting points,
density hardness, crystal shape, optical and electrical proper-
ties, stability and solubility. Recrystallization solvent, rate of
crystallization, storage temperature, and other factors may
cause one crystal form to dominate. Crystal polymorphs of
the compounds can be prepared by crystallization under dif-
ferent conditions.

Compounds of the invention may be crystalline, semi-
crystalline, non-crystalline, amorphous, mesomorphous, etc.

The compounds of Formula (1), (II), (I1la), (I1Ib), (Illc) or
(IV) include the compounds themselves, as well as their
N-oxides, salts, their solvates, and their prodrugs, if appli-
cable. A salt, for example, can be formed between an anion
and a positively charged group (e.g., amino) on a substituted
purine or 7-deazapurine compound. Suitable anions include
chloride, bromide, iodide, sulfate, bisulfate, sulfamate,
nitrate, phosphate, citrate, methanesulfonate, trifluoroac-
etate, glutamate, glucuronate, glutarate, malate, maleate, suc-
cinate, fumarate, tartrate, tosylate, salicylate, lactate, naph-
thalenesulfonate, and acetate. Likewise, a salt can also be
formed between a cation and a negatively charged group (e.g.,
carboxylate) on a substituted purine or 7-deazapurine com-
pound. Suitable cations include sodium ion, potassium ion,
magnesium ion, calcium ion, and an ammonium cation such
as tetramethylammonium ion. The substituted purine or
7-deazapurine compounds also include those salts containing
quaternary nitrogen atoms. Examples of prodrugs include
esters and other pharmaceutically acceptable derivatives,
which, upon administration to a subject, are capable of pro-
viding active substituted purine or 7-deazapurine com-
pounds.

Additionally, the compounds of the present invention, for
example, the salts of the compounds, can exist in either
hydrated or unhydrated (the anhydrous) form or as solvates
with other solvent molecules. Nonlimiting examples of
hydrates include hemihydrates, monohydrates, dihydrates,
trihydrates, etc. Nonlimiting examples of solvates include
ethanol solvates, acetone solvates, etc.

“Solvate” means solvent addition forms that contain either
stoichiometric or non stoichiometric amounts of solvent.
Some compounds have a tendency to trap a fixed molar ratio
of solvent molecules in the crystalline solid state, thus form-
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ing a solvate. If the solvent is water the solvate formed is a
hydrate; and if the solvent is alcohol, the solvate formed is an
alcoholate. Hydrates are formed by the combination of one or
more molecules of water with one molecule of the substance
in which the water retains its molecular state as H,O. A
hemihydrate is formed by the combination of one molecule of
water with more than one molecule of the substance in which
the water retains its molecular state as H,O.

As used herein, the term “analog” refers to a chemical
compound that is structurally similar to another but differs
slightly in composition (as in the replacement of one atom by
an atom of a different element or in the presence of a particu-
lar functional group, or the replacement of one functional
group by another functional group). Thus, an analog is a
compound that is similar or comparable in function and
appearance, but not in structure or origin to the reference
compound.

As defined herein, the term “derivative” refers to com-
pounds that have a common core structure, and are substituted
with various groups as described herein. For example, all of
the compounds represented by Formula (I) are substituted
purine compounds or substituted 7-deazapurine compounds,
and have Formula (I) as a common core.

Theterm “bioisostere” refers to a compound resulting from
the exchange of an atom or of a group of atoms with another,
broadly similar, atom or group of atoms. The objective of a
bioisosteric replacement is to create a new compound with
similar biological properties to the parent compound. The
bioisosteric replacement may be physicochemically or topo-
logically based. Examples of carboxylic acid bioisosteres
include, but are not limited to, acyl sulfonimides, tetrazoles,
sulfonates and phosphonates. See, e.g., Patani and LaVoie,
Chem. Rev. 96, 3147-3176, 1996.

The present invention is intended to include all isotopes of
atoms occurring in the present compounds. Isotopes include
those atoms having the same atomic number but different
mass numbers. By way of general example and without limi-
tation, isotopes of hydrogen include tritium and deuterium,
and isotopes of carbon include C-13 and C-14.

2. SYNTHESIS OF SUBSTITUTED PURINE
COMPOUNDS AND SUBSTITUTED
7-DEAZAPURINE COMPOUNDS

The present invention provides methods for the synthesis
of'the compounds of Formulae (1), (I1), (I1la), (I1Tb), (Illc) and
(IV). The present invention also provides detailed methods
for the synthesis of various disclosed compounds of the
present invention according to the following schemes as
shown in the Examples.

Throughout the description, where compositions are
described as having, including, or comprising specific com-
ponents, it is contemplated that compositions also consist
essentially of, or consist of, the recited components. Simi-
larly, where methods or processes are described as having,
including, or comprising specific process steps, the processes
also consist essentially of, or consist of| the recited processing
steps. Further, it should be understood that the order of steps
or order for performing certain actions is immaterial so long
as the invention remains operable. Moreover, two or more
steps or actions can be conducted simultaneously.

The synthetic processes of the invention can tolerate a wide
variety of functional groups, therefore various substituted
starting materials can be used. The processes generally pro-
vide the desired final compound at or near the end of the
overall process, although it may be desirable in certain
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instances to further convert the compound to a pharmaceuti-
cally acceptable salt, ester, or prodrug thereof.

Compounds of the present invention can be prepared in a
variety of ways using commercially available starting mate-
rials, compounds known in the literature, or from readily
prepared intermediates, by employing standard synthetic
methods and procedures either known to those skilled in the
art, or which will be apparent to the skilled artisan in light of
the teachings herein. Standard synthetic methods and proce-
dures for the preparation of organic molecules and functional
group transformations and manipulations can be obtained
from the relevant scientific literature or from standard text-
books in the field. Although not limited to any one or several
sources, classic texts such as Smith, M. B., March, I., March’s
Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure, 5" edition, John Wiley & Sons: New York, 2001;
Greene, T. W., Wuts, P. G. M., Protective Groups in Organic
Svnthesis, 37 edition, John Wiley & Sons: New York, 1999;
R. Larock, Comprehensive Organic Transformations, VCH
Publishers (1989); L. Fieser and M. Fieser, Fieser and Fies-
er’s Reagents for Organic Synthesis, John Wiley and Sons
(1994); and L. Paquette, ed., Encyclopedia of Reagents for
Organic Synthesis, John Wiley and Sons (1995), incorporated
by reference herein, are useful and recognized reference text-
books of organic synthesis known to those in the art. The
following descriptions of synthetic methods are designed to
illustrate, but not to limit, general procedures for the prepa-
ration of compounds of the present invention.

Compounds of the present invention can be conveniently
prepared by a variety of methods familiar to those skilled in
the art. The compounds of this invention with Formulae (1),
(1), (I1a), (111b), (Illc) and (IV) may be prepared according
to the procedures illustrated in Schemes A-W below, from
commercially available starting materials or starting materi-
als which can be prepared using literature procedures. The R
groups (such as R, R', and Ra) in Schemes A-P may corre-
spond to variables (i.e., R;, R,, R, and R_) as defined in
Formula (I), (I), (Illa), (I1Ib), (Illc) or (IV), unless otherwise
specified. “PG” in the schemes refers to a protecting group.

One of ordinary skill in the art will note that, during the
reaction sequences and synthetic schemes described herein,
the order of certain steps may be changed, such as the intro-
duction and removal of protecting groups.

One of ordinary skill in the art will recognize that certain
groups may require protection from the reaction conditions
via the use of protecting groups. Protecting groups may also
be used to differentiate similar functional groups in mol-
ecules. A list of protecting groups and how to introduce and
remove these groups can be found in Greene, T. W., Wuts, P.
G. M., Protective Groups in Organic Synthesis, 3’ edition,
John Wiley & Sons: New York, 1999.

Preferred protecting groups include, but are not limited to:

For the hydroxyl moiety: TBS, benzyl, THP, Ac

For carboxylic acids: benzyl ester, methyl ester, ethyl ester,
allyl ester

For amines: Cbz, BOC, DMB

For diols: Ac (x2) TBS (x2), or when taken together
acetonides

For thiols: Ac

For benzimidazoles: SEM, benzyl, PMB, DMB

For aldehydes: di-alky] acetals such as dimethoxy acetal or
diethyl acetyl.

In the reaction schemes described herein, multiple stereoi-
somers may be produced. When no particular stereoisomer is
indicated, it is understood to mean all possible stereoisomers
that could be produced from the reaction. A person of ordi-
nary skill in the art will recognize that the reactions can be
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optimized to give one isomer preferentially, or new schemes
may be devised to produce a single isomer. If mixtures are
produced, techniques such as preparative thin layer chroma-
tography, preparative HPL.C, preparative chiral HPL.C, or
preparative SFC may be used to separate the isomers.

The following abbreviations are used throughout the speci-
fication and are defined below:

AA ammonium acetate

Ac acetyl

ACN acetonitrile

AcOH acetic acid

atm atmosphere

Bn benzyl

BOC tert-butoxy carbonyl

BOP (benzotriazol-1-yloxy)tris(dimethylamino)phospho-
nium hexatluorophosphate

Cbz benzyloxycarbonyl

COMU (1-cyano-2-ethoxy-2-oxoethylidenaminooxy)
dimethylamino-morpholino-carbenium hexafluorophos-
phate

d days

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene

DCE 1,2 dichloroethane

DCM dichloromethane

DEA diethylamine

DEAD diethyl azodicarboxylate

DIAD diisopropyl azodicarboxylate

DiBAL-H diisobutylalumininium hydride

DIPEA N,N-diisopropylethylamine (Hunig’s base)

DMAP N,N-dimethyl-4-aminopyridine

DMB 2.4 dimethoxybenzyl

DMF dimethylfoiniamide

DMSO dimethylsulfoxide

DPPA diphenylphosphoryl azide

EA or EtOAc ethylacetate

EDC or EDCI N-(3-dimethylaminopropyl)-N'-ethylcarbo-
diimide

ELS Evaporative Light Scattering

ESI- Electrospray negative mode

ESI+ Electrospray positive mode

Et,O diethyl ether

Et;N or TEA triethylamine

EtOH ethanol

FA formic acid

FC flash chromatography

h hours

H,O water

HATU O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethy-
luronium hexafluorophosphate

HCl hydrochloric acid

HOAT 1-hydroxy-7-azabenzotriazole

HOBt 1-hydroxybenzotriazole

HOSu N-hydroxysuccinimide

HPLC high performance liquid chromatography

Inj. Vol. injection volume

1.V. or IV intravenous

KHMDs potassium hexamethyldisilazide

LC/MS or LC-MS liquid chromatography mass spectrum

LDA lithium diisopropylamide

LG leaving group

LiHMs lithium hexamethyldisilazide

M Molar

m/z mass/charge ratio

m-CPBA meta-chloroperbenzoic acid

MeCN acetonitrile

MeOD d,-methanol

MeOH methanol
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MgSO,, magnesium sulfate

148

-continued

min minutes R’
MS mass spectrometry or mass spectrum

Ms mesyl 5
MsCl1 methanesulfonyl chloride

MsO mesylate

MWI microwave irradiation

Na,COj; sodium carbonate 10 | |
NaHCO; sodium bicarbonate PG PG
NaHMDs sodium hexamethyldisilazide

NaOH sodium hydroxide

NIS N-iodosuccinimide 15
NMR Nuclear Magnetic Resonance

o/n or O/N overnight

PE petroleum ether

PG protecting group 20
PMB para-methoxybenzyl

PPAA 1-propanephosphonic acid cyclic anhydride

ppm parts per million

prep HPLC preparative high performance liquid chroma- P
tography

prep TLC preparative thin layer chromatography

p-TsOH para-toluenesulfonic acid

rt or RT room temperature

SEM 2-(trimethylsilyl)ethoxymethyl

SEMCI1 (trimethylsilyl)ethoxymethyl chloride R

SFC supercritical chromatography
O N
35 N N
o

30

SGC silica gel chromatography

STAB sodium triacetoxyborohydride
TBAF tetra-n-butylammonium fluoride

TFA trifluoroacetic acid (|)° 'fl) Ra

THO triflate 2 PG G

THF tetrahydrofuran

THP tetrahydropyran (A-1V)

TLC thin layer chromatography

Ts tosyl o 45

TsOH tosic acid

UV ultraviolet

The invention provides methods for making the com-
pounds of the invention. The following schemes depict exem-
plary chemistries available for synthesizing the compounds >°
of the invention.
Scheme A: 5'- Amino Purine Ribose (A-V) Synthesis

55
(A-V)
1. PhyP, DEAD,
6 SO,—NHR
NO,
(A-VI)
A 65 2. Cs,CO;, PhSH
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(A-TD)

5'-Amino purine-ribose intermediates (A-V) can be syn-
thesized as depicted in Scheme A above. A suitable protected
6-Cl adenosine derivative (A-I) is converted into a 6-amino
derivative (A-II) by treatment with the appropriate amine
(including ammonia) in the presence of a base such as Et;N,
K,COj; or Hunig’s base in solvent such as MeCN or DMF,
THEF, iPrOH or a mixture thereof. If required, the reaction
may be heated to 100° C. (if the temperature required is
greater than the boiling point of one or more of the compo-
nents in the mixture, the reaction may be performed in a
sealed tube). The R groups in the scheme may represent alkyl
protecting groups (e.g., 2,4 dimethoxybenzyl). The 6-amino
product (A-II) may be transformed into the 5'-azido interme-
diate (A-III) by converting the 5'-hydroxyl group into a leav-
ing group such as MsO (i.e., CH;8(0),0) by treatment with
methanesulfonyl chloride (MsCl) in the presence of a base
such as Et;N, pyridine or K,COj in an inert solvent such as
CH,Cl,, THF, MeCN, DMF or a mixture thereof. The 5'-leav-
ing group is then displaced with azide anion from NaNj in an
inert solvent such as DMF. Alternatively (A-II) may be
directly transformed into (A-III) by treatment with DPPA,
Ph;P, and DIAD in a solvent such as THF. The azido group of
(A-III) may be reduced to the primary amine (A-IV) by reduc-
tion with H, in the presence of a metal catalyst (e.g. Pd/C,
PtO,) or by a Staudinger reaction with a phosphine such as
Ph;P or PMe;. The primary amine (A-IV) may be converted
into the secondary amine (A-V) by treatment with the appro-
priate ketone or aldehyde in the presence of a suitable reduc-
ing agent such as NaBH(OAc); or NaCNBH;. Additional
reagents such as Ti(OiPr), may be added.

Alternatively the 5'-hydroxy intermediate (A-II) may be
treated with the sulfonamide (A-VI), DEAD and Ph;P in an
inert solvent such as THF. The resultant sulfonamide product
may then be treated with benzenethiol in the presence of a
base such as K,CO;, Cs,COj; to give the secondary amine
(A-V).

These reaction sequences above may also be applied to
lyxose derivatives starting from (A-VII) to give the diastere-
omer with opposite configuration at the 5' position.

N (A-VII)
\KN cl
,, O N
o™ / \N
N~
OS ZO Ra
/ |
PG PG
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(A-VIII)
R
/N cl
/\Em}
(§ ’b Ra
/ |
PG PG

A similar set of reaction sequences may be employed for
2'-deoxy, or 3'-deoxy, or substituted ribose or lyxose (A-VIM
above to obtain 5'-amino purine-ribose/lyxose intermediates.

An alternative method for introduction of a 6-NH, group,
as shown below, is via treating (A-IX) derivatives with NaN;
to produce a 6-azido intermediate followed by reduction to
the NH, moiety (A-X) with a trialkyl phosphine such as PMe,
or PPhj.

1. NaN;
1. PMe;

Scheme B: 5" Amino 7-Deazapurine Ribose Synthesis

R
A= cl
O N —
HO
/\Q/ \N y N .
O\S ””O Ra
ke
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R
R \

O, N
HO \ N - -
/\Q/ N\(
O$ aO Ra
| | 10
PG PG
(B-ID)
15
20
D ——
25
30
R
R \
=\ N R
O N —
LN N - »
. —~{
I T
PG PG 40
(B-IV)
45
R
R \
/\/ N\R

0O N 50
RHN N
N\(
(§ ”O Ra
PG PG 55
(B-V)
1. PhsP, DEAD,
SO,—NHR
60
NO,
(B-VI)
2. Cs,CO3, PhSH 65
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R
R \
=\ Nee R
O N —
HO \ N
/\Q/ N\(
T
PG PG

(B-IN)

5'-Amino-7-deazapurine-ribose intermediates (B-V) can
be synthesized as depicted in Scheme B above. A suitable
protected 7-deazapurine-ribose intermediate containing a
6-chloro substituent (B-I) may be converted into the corre-
sponding 6-amino derivative (B-1I) via treatment with the
appropriate amine (including ammonia) in the presence of a
base such as Et;N, K,CO, or Hunig’s base in solvent such as
MeCN or DMF, THF, iPrOH or a mixture thereof. If required,
the reaction may be heated to 100° C. (if the temperature
required is greater than the boiling point of one or more of the
components in the mixture, the reaction may be performed in
a sealed tube). The R groups in the scheme may represent
alkyl protecting groups (e.g. 2,4 dimethoxybenzyl). The
6-amino product (B-II) may be transformed into the 5'-azido
intermediate (B-I1I) by converting the 5'-hydroxyl group into
a leaving group such as MsO by treatment with MSCl in the
presence ofa base such as Et;N, pyridine or K,CO; in an inert
solvent such as CH,Cl,, THF, MeCN, DMF or a mixture
thereof. The 5'-leaving group is then displaced with azide
anion from an azide source such as NaNj in an inert solvent
such as DMF. Alternatively (B-II) may be directly trans-
formed into (B-III) by treatment with DPPA, Ph;P and DIAD
in a solvent such as THF. The azido group of (B-III) may be
reduced to the primary amine (B-IV) by reduction with H, in
the presence of a metal catalyst (e.g. Pd/C, PtO,) or by a
Staudinger reaction with a phosphine such as Ph;P or PMe;.
The primary amine (B-IV) may be converted into the second-
ary amine (B-V) by treatment with the appropriate ketone or
aldehyde in the presence of a suitable reducing agent such as
NaBH(OAc), or NaCNBH,. Additional reagents such as
Ti(OiPr), may be added. Alternatively the 5'-hydroxy inter-
mediate (B-1I) may be treated with the sulfonamide (B-VI),
DEAD and Ph;P in an inert solvent such as THF. The resultant
sulfonamide product may then be treated with benzenethiol in
the presence of a base such as K,COj;, Cs,CO; to give the
secondary amine (B-V). These reaction sequences may also
be applied to lyxose derivatives starting from (B-VII) to give
the diastereoisomer with opposite configuration at the 5'-po-
sition

(B-VII)

Cl
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(B-VIID)

A similar set of reaction sequences may be employed for 15
2'-deoxy, or 3'-deoxy, or substituted ribose or lyxose (B-VIII)
above to obtain 5'-amino 7-deazapurine-ribose/lyxose inter-
mediates.

An alternative method for introduction of a 6-NH,, group,
as shown below, is via treating (B-IX) derivatives with NaN;
to produce a 6-azido intermediate followed by reduction to
the NH, moiety (B-X) with a trialkyl phosphine such as PMe,
or PPh,.

Scheme C: Purine-carbocyclic Intermediates Synthesis

B-X)

NH,
N cl
HO AN
| .
g % N\/ N
o) o
| |
PG PG
(C-TI
R’ R
R \ R \
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1. PhyP, DEAD,
SO,—NHR
R
R N \N
Y ~3R
NO, —
(C-IX)

2. Cs>C0;, PhSH

(C-VI)

The 5'-amino purine carbocyclic intermediates (C-X) may

be prepared as depicted in Scheme C. The cyclopentane (C-I) 30

is optionally protected by methods known to those of ordinary
skill in the art to give (C-1I). (C-1I) is treated with the appro-
priate 4,6-dichloropyrimidine-5-amine in the presence of a
base such as Et;N in a protic solvent such as n-butanol. The

reaction is heated or submitted to microwave conditions to ;5

give the intermediate (C-III). The purine intermediate (C-V)
is produced by treating (C-III) with the orthoester (C-IV) in
the presence of an acid, such as AcOH. The reaction is usually
heated. The 6-amino substituent may be introduced by treat-
ment with the appropriate amine (including ammonia) in the
presence of a base such as Et;N, K,CO; or Hunig’s base in
solvent such as MeCN or DMF, THF, iPrOH, or a mixture
thereof. If required, the reaction may be heated to 100° C. (if
the temperature required is greater than the boiling point of
one or more of the components in the mixture, the reaction

may be performed in a sealed tube). The R groups in the 45

scheme may represent alkyl protecting groups (e.g., 2,4
dimethoxybenzyl). The 6-amino product (C-VI) may be
transformed into the 5'-azido intermediate (C-VII) by con-

Scheme D: 7-Deazapurine-carbocyclic Intermediates Synthesis

40

7o
PG PG
(C-X)

verting the 5'-hydroxyl group into a leaving group such as
MsO by treatment with MsCl in the presence of a base such as
Et;N, pyridine or K,COj; in an inert solvent such as CH,Cl,,
THEF, MeCN, DMF or a mixture thereof. The 5'-leaving group
is then displaced with azide anion from NaNj; in an inert
solvent such as DMF. Alternatively (C-VI) may be directly
transformed into (C-VII) by treatment with DPPA, Ph;P and
DIAD in a solvent such as THF. The azido group of (C-VII)
may be reduced to the primary amine (C-VIII) by reduction
with H, in the presence of a metal catalyst (e.g. Pd/C, PtO,) or
by a Staudinger reaction with a phosphine such as Ph;P or
PMe;. The primary amine (C-VIII) may be converted into the
secondary amine (C-X) by treatment with the appropriate
ketone or aldehyde in the presence of a suitable reducing
agent such as NaBH(OAc); or NaCNBH,. Additional
reagents such as Ti(OiPr), may be added. Alternatively the
5'-hydroxy intermediate (C-VI) may be treated with the sul-
fonamide (C-IX), DEAD and Ph,P in an inert solvent such as
THEF. The resultant sulfonamide product may then be treated
with benzenethiol in the presence of a base such as K,CO,,
Cs,COj; to give the secondary amine (C-X).

OFt
OFt
ClL \ Cl
X

(D-TITy




US 9,096,634 B2

157

-continued

OEt

158

1. PhsP, DEAD,
$0,—NHR
/\Q,N o2
HO \
y D-IX)
— N~ 2. NHRR'
§ 3 3. C5,C03, PhSH
T

PG PG
(D-V)

The 5'-amino 7-deazapurine carbocyclic intermediates
(D-X) may be prepared as depicted in Scheme D. The cyclo-
pentane (D-I) is optionally protected by methods known to
those of ordinary skill in the art to give (D-1I). (D-1I) is treated
with the appropriate 4,6-dichloropyrimidine (D-III) in the
presence of a base such as Et;N in a protic solvent such as
EtOH, n-butanol. The reaction is heated to give the interme-
diate (D-IV). The intermediate (D-V) is produced by treating
(D-IV) with an acid, such as HC1 or AcOH.

The 5'-hydroxyl of (D-V) may be transformed into the
5'-azido intermediate (D-VI) by initially converting the 5'-hy-
droxyl group into a leaving group such as MsO by treatment
with MsCl in the presence of a base such as Et;N, pyridine or
K,COj;inaninert solvent such as CH,Cl,, THF, MeCN, DMF

55

60

or a mixture thereof and then displacing the leaving group
with azide anion from NaNj in an inert solvent such as DMF.
Alternatively (D-V) may be directly transformed into (D-VI)
by treatment with DPPA, Ph,P and DIAD in a solvent such as
THF.

The 6-amino substituent may be introduced by treatment of
(D-VI) with the appropriate amine (including ammonia) in
the presence of a base such as Et;N, K,CO; or Hunig’s base
in solvent such as MeCN or DMF, THF, iPrOH or a mixture
thereof. If required, the reaction may be heated to 100° C. (if
the temperature required is greater than the boiling point of
one or more of the components in the mixture, the reaction
may be performed in a sealed tube). The R groups in the
scheme may represent alkyl protecting groups (e.g. 2.4
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dimethoxybenzyl). The azido group of (D-VII) may be
reduced to the primary amine (D-VIII) by reduction with H,
in the presence of a metal catalyst (e.g. Pd/C, PtO,) or by a
Staudinger reaction with a phosphine such as Ph;P or PMe;.
The primary amine (D-VIII) may be converted into the sec-
ondary amine (D-X) by treatment with the appropriate ketone
or aldehyde in the presence of a suitable reducing agent such
as NaBH(OAc); or NaCNBH,;. Additional reagents such as
Ti(OiPr), may be added. Alternatively the 5'-hydroxy inter-
mediate (D-V) may be treated with the sulfonamide (D-I1X),
DEAD and Ph;P in an inert solvent such as THF. 6-Amino
group may then be introduced using conditions similar to
those used for converting (D-VI) into (D-VII). The resultant
sulfonamide product may then be treated with benzenethiol in
the presence of a base such as K,CO;, Cs,COj; to give the
secondary amine (D-X).

A person of ordinary skill will recognize that having an
appropriately substituted dichloropyrimidine (D-III) will
allow for substitution on the 7-deazapurine moiety.

Scheme E: Inversion of stereochemistry at 5'-Position

10

15

160

To generate the appropriate intermediates of opposite ste-
reochemistry at 5'-position, a reaction sequence as depicted in
Scheme E above may be followed. The cyclopentane (E-I) is
optionally protected, upon which the 5'-hydroxyl is converted
into a leaving group via treatment with MsCl in the presence
of Et;N in a solvent such a CH,Cl,. The 5'-leaving group is
displaced with Me,NH, by treatment with Me,NH as a 2.0M
solution in THF in a sealed tube. The reaction is heated to
40-80° C. The resultant tertiary amine is oxidized with an
oxidant such as mCPBA in a solvent such a CH,Cl, to give the
corresponding N-oxide. The N-oxide is then subjected to
heat, 50-120° C. in an inert solvent such N,N-dimethylaceta-
mide to give the alkene (E-III). The alkene is subjected to
hydroboration/oxidative work up to produce the inverted 5'
stereoisomer (E-IV). Suitable hydroboration reagents include
BH,-THF and suitable oxidative work-up conditions include
H,0,/NaOH. The intermediate (E-IV) may then be subjected
to the reaction sequences depicted in schemes C and D to
furnish the intermediates (E-V) and (E-VI).

1. MsCl
2. Me>NH

—_—
3. mCPBA
4, Me;Nt—0"

N
NI, HO g
HO
—_— R .
§ o )
HO OH | |
ED PG PG
(E-ID)
\
~ PG
1. BH,;-THF
A ‘ —_—
§ 5 2. 1,05, NaOh
P
PG PG

As in scheme C
R ——

—_—

NIH, %
o™ |
PG

P

a— O,,,"
"
v—0o"

(E-IV)
As in scheme D

—_—

R’
\
== N-~—R
7\
N
N§/
ZO
|
PG
(E-V)
R’
\
= N—R
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Scheme F: 2" and 3’ Deoxycyclopentanes and Riboses

bH
F-D
(F-ID
NH,
HO
—_— o
§ 0
HO |

(F-TID) PG
(F-IV)

\

R
N

Ny

Scheme G: Cyclobutane Synthesis
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(F-VII)

(F-V) (F-VIIT)

(F-VI)

The use of intermediates (F-1) and (F-III) in the procedures
35 outlined in Schemes C and D allows for the synthesis of
purine and 7-deazapurine deoxy carbocyclic derivatives. The
ribose based intermediates (F-V), (F-VI), (F-VIII) and (F-1X)
may be used in reaction procedures similar to those described

in Schemes A and B above.

1. Zn/NH,CL
_PG

n Y 2. Deprotect n OH
(6]
(G-1I) (G-III)
PG
O

0—PG s \N/

o] —H>
iBuOCOCI, DIPEA
— )YI
COH
(G-VI)
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O—PG O—PG
(@] (@]
—_— ) / Pd/C, H, ¥ /
N N
\
(@) o— (@) o—
(G-VID) (G-VIII)

OMe
PhP =/

o:<>—(—\)" (GX) MeO, MeO
CO,PG, \=<>_(_\)n \=<>_(_\)n

n=02 COPG CO,H
(G-IX) (G-XD) (G-XID)
\\ (ﬁ o
O~
P. PG
o~ o~
G-V)
MeO
0—7PG, OH \
Pd/C o N—
o] > O ~ /
T, Y 0
)ﬂ )YI H
PG OB iBuOCOCI, )
p1aS)| 20871 DIPEA
CO,H
(G-XIII) (G-XIV)
(G-XV)
0 o 0 LN
PN 0
I Reductive o
—_— —_—
COH —inococl, N/O\ aminatiion
" DIPEA " o
n
n=02 /N TN
G-XVII
(G-XVID) ¢ )
(G-XVIII)
OMe OMe OMe
(@] pmpg o
AN SO x
(G-X) o 1. ;0"
—_—
iBuOCOCI, / 2. Reductive amination
DIPEA N
CO,H COH
(G-1V) (G-XIX) 0
(G-XX)
LN
N
0
(G-XXI)

Cyclobutanes of formulae (G-VIII), (G-XV) and (G-XXI) such as MeOH. The cyclobutanones (G-1V) (which include
may be synthesized as depicted in Scheme G. The alkenyl 0 (G-III)) may be further elaborated by treatment with a phos-
esters (G-I) may be subjected to a [2+2] cycloaddition with phonate (G-V) to give the ., f§ unsaturated esters (G-VI). The
trichloroacetyl chloride in the presence of Zn/Cu couple in an acid (VI) is converted to the Weinreb amide (G-VII) under
inert solvent such as Et,O, DME, THF or a mixture thereof. standard conditions (e.g. iso-butyl chloroformate, Hunig’s
Alternatively the [2+2] cycloaddition reaction may be per- base, N,O-dimethyl hydroxylamine). The double bond may
formed using Zn dust under sonication conditions. The 65 thenbereduced viahydrogenationusing H, in the presence of
dichlorides (G-II) are reduced via treatment with Zn powder a metal catalyst such as Pd/C, PtO, or Pd(OH), to give the
in the presence of a proton donor such as NH,Cl in a solvent cyclobutane intermediates (G-VIII).
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The cyclobutanones (G-1X) may be treated with the Wittig
reagent (G-X) to give the cyclobutane enol ether (G-XI)
which upon deprotection gives the corresponding acid
(G-XID.

The cyclobutanones (G-I1X) may also be treated with the
stabilized phosphonate (G-V) in the presence of a base such
as KOtBu, LDA, NaHMDS, KHMDS or LiHMDS or with
Et;N in the presence of LiCl in an inert solvent to give the a.,
P unsaturated ester (G-XIII) which can be reduced to the
(G-XIV) by treatment with H, in the presence of a metal

5

166

ammonia equivalent followed by deprotection as needed
gives the amine (G-XXI). Suitable ammonia equivalents
include benzhydryl amine, NH;, NH,Cl, BaNH,, PMB-NH,,
2,4 DMB-NH,. Suitable reducing agents for the reductive
amination include NaCN(BH,;) or Na(OAc);BH used in the
presence of an acid if required such as HCI or AcOH. Pro-
tecting groups on the reductive amination products may be
removed by methods known to those of ordinary skill in the
art.

Scheme H: Elaboration of Cyclobutanes

v
(6]

n=0-3
H-D

catalyst such as Pd/C, Pd(OH), or PtO, in an inert solvent.
The acid functionality of (G-XIV) may be converted into the
corresponding Weinreb amide by treatment with N,O-dim-
ethylhydroxylamine in presence of a suitable coupling agent
such as iso-butylchloroformate and a base such as Hunig’s
base to give (G-XV).

The cyclobutanones (G-XVI) may also be treated with
N,O-dimethylhydroxylamine in presence of a suitable cou-
pling agent such as iso-butylchloroformate and a base such as
Hunig’s base to give the corresponding Weinreb amide
(G-XVII) which upon reductive amination with an ammonia
equivalent followed by deprotection as needed gives the
amine (G-XVIII). Suitable ammonia equivalents include ben-
zhydryl amine, NH;, NH,Cl, BaNH,,, PMB-NH,, 2,4 DMB-
NH, which may be treated with the ketone (G-XVII) and a
suitable reducing agent such as NaCN(BH,) or Na(OAc),BH
in the presence of an acid if required such as HCI or AcOH.
Protecting groups on the reductive amination products may
be removed by methods known to those of ordinary skill in the
art. Alternatively the ketone (G-XVII) can be treated with
hydroxyl amine to form the corresponding oxime which then
can be reduced with H, in the presence of a metal catalyst
such as Pd/C, PtO, or Pd(OH), to give the intermediate
(G-XVIID).

The cyclobutane (G-1V) may converted into the amine
(G-XX1) via a multi-step sequence involving treating (G-IV)
with the phosphorane (G-V) to produce the enol ether
(G-XIX). Treatment of (G-XIX) with which is then N,O-
dimethylhydroxylamine in presence of a suitable coupling
agent such as iso-butyl chloroformate and a base such as
Hunig’s base to give the corresponding Weinreb amide
(G-XX) which after aqueous hydrolysis of the enol ether (e.g.
TsOH/H,O, HCI/H,0) and reductive amination with an

NH,
7S
R
1. A NI, ===
0 N
H-1T) \
7. AcOH / /
N
H
(H-TI)
1. BH,*THF
2 MSCLKCO;
NN JJ\ _R
4. PP or PA/C, H,
5. RNCO (V)
0 0
1. RNH,
—_— R
A\
H
(H-V)
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The cyclobutanones (H-I) can be converted into the benz-
imidazoles (H-III), ureas (H-IV) and amides (H-V) via the
reaction sequences depicted in Scheme H. The benzimida-
zoles (H-11I) may be formed by treating the acids (H-I) with
the appropriate benzene diamine (H-II) in the presence of a
suitable coupling agent (e.g., HATU, PPAA, COMU, EDC,
EDCI), in the presence of a base (e.g., Et;N, Hunig’s base,
K,CO,). Additional reagents such as HOAT, HOBt or HOSu
may be added if necessary. The resultant amino-amides are
then cyclized to the benzimidazoles in the presence of acid,
e.g. AcOH which may also serve as the solvent. The reaction
is normally carried at a temperatures ranging from RT to 80°
C. The ureas (H-IV) may be prepared by converting the acids
(H-I) as follows. The acid is reduced to the corresponding
primary alcohol using a reagent such as LiAlH, or BH,.THF.
Ifneeded the ketone functionality may first be protected (e.g.,
as a ketal) prior to reduction and subsequently deprotected.
The primary alcohol is then converted into a leaving group
such as a mesylate. The resultant leaving group is displaced
with azide from a source such as NaNj;. The azido product
compound is reduced to the corresponding amino compound
using H, in the presence of'a metal catalyst such as Pd/C or via
a Staudinger reaction with a phosphine such as PMe; or PPh;.
The urea (H-IV) is then formed by treatment of the primary
amine with the appropriate isocyanate, R—C—N—0 in the
presence of a base such as Et;N or K,CO; in an inert solvent
such as CH,Cl,. The amides (H-V) are formed by treating the
acids (H-I) with the appropriate amine R—NH, is the pres-
ence of asuitable coupling agent (e.g. HATU, PPAA, COMU,
EDC, EDCI), in the presence of a base (e.g. Et;N, Hunig’s
base, K,CO;). Additional reagents such as HOAT, HOBt or
HOSu may be added if necessary.
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Scheme I: Elaboration of Cyclobutane Weinreb Amides

NH,

1. NH,

(1-11)
2. AcOH
3. DiIBAL—H
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N 1. BH;+THF
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( P " T m
3. NaN; (5 )
O 4 PhyP or PA/C, H, NHR

5.RNCO
6. DIBAL—H (LIV)

HO

I-D
n=0-2,m=0-2

1. RNH,

—_—
2.DiBAL—H
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(6]
I-v)

N
—_ H
R N
O 1. RNCO
—_—.

; 2. DIBAL—H o 2

N—0

/ \ i

H

n=0-2 (I-vD
I-V)

N

As shown in Scheme I above, the Weinreb amides (I-I) and Weinreb amide can be performed using DiBAL-H in an inert
(I-V) may be transformed into the benzimidazole aldehydes solvent such as CH,Cl,, THF at a temperature of 10 to -78°
(I-III), urea aldehydes (I-IV) and (I-VI) and amide aldehydes 5, C.Theamino Weinrebamide (I-V)may also be converted into
(I-V) using similar procedures as described in Scheme H the urea (I-VI) via treatment with the appropriate isocyanate
followed by Weinreb amide reduction. The reduction of the followed by reduction with DiBAL-H.

Scheme J: Elaboration of Cyclobutane

OMe

a-n (J-1I)
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-continued

NH,

N
RAr
F

OHC
1. NH,

(I-1V)

2. AcOH
3. H', 1,0

1. BH;*THF
2MCLECO;

NN, NaN;
4. PhyP or Pd/C, H,
5. RNCO

6.1, 1,0

(1-11)

1. RNH,
2.1, 0

(I-VII)

The benzimidazole (J-V), urea (J-VI) and amide (J-VII) =
intermediates may be synthesized as depicted in Scheme J.
The cyclobutanones (J-I) may be subjected to a Wittig reac-
tion with the phosphorane (J-1I) to produce the enol ether
(J-II1). The enol ether acid is then subjected to reactions

Scheme K: Coupling of Cyclobutanes to Amines

170

n N
H

d-v)

m)k/

(1-VI)

conditions similar to those as described in scheme H to pro-
duce the corresponding enol ether benzimidazoles, ureas and
amides, which upon treatment with aqueous acid, such as
TsOH/H,0, HCI generates the corresponding aldehyde inter-
mediates (J-V), (J-VI) and (J-VII) respectively.
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R
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/ m/\ N N R
"
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R 0

&K-X)
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Re
0, 0 Reductive /
amination s N
+ R —— \
AP HN '
n g /
R (0]
(K-VIID)
(K-XD)

—=
Reductive \
amination R/\ / NH
+ - Re
— 5 /
N " N\
Q
(K-XV)
n=0-2
m=0-2
(K-XII)
Re
O ? N/\
Re Reductive Q
\ H o amination
— —_—
S S " HN
i NHR
N RHN
®K-V) I
(K-XIII) O
(K-XVII)
O
H Reductive O Re
) amination id /
+ (S 7 RHN " N\
NHR Q
0 (K-XVII)
(K-XIV)
The formula (K-V) -continued
(K-1I)
K-V)
RC\ 45
N—Q
/
H

in Scheme K above represents the intermediates (K-1
through K-IV) below and their corresponding 2'- or 3'-deoxy
intermediates, whose syntheses are described in Schemes
A-F.

55

(K-D (K-TIT)

G 65
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-continued In an alternative reaction sequence, the target benzimida-
&1V zoles (L-V), ureas (L-VI) and amides (L-VII) may be pre-
pared by the reaction sequence depicted in Scheme L. The
5 amines (L-I), where Q and R have the same definitions as in

Scheme K, are treated with the cyclobutanes (L-II) under

reductive amination conditions using a reducing agent such as
NaCNBH; or Na(OAc);BH in the presence of an acid such as
HCl or AcOH or a Lewis acid such as Ti(OiPr),, to give the
acid (L-III). The acid may be converted into the correspond-

¢ % Rb
10

/ |
PG PG

As shown in Scheme K, the ketones (K-VT), (K-VII) and ing target benzimidazoles (L.-V), ureas (L-VI) and amides

(K-VIII) and the aldehydes (K-XII), (K-XIII) and (K-XIV) |5 (L-VII) using reaction conditions similar to those in scheme
are converted into the corresponding benzimidazoles (K-IX) H.

and (K-XV), ureas (K-X) and (K-XVI) and amides (K-XI)

and (K-XVII) via reductive amination with (K-V). The reduc-

tive amination can be performed with a suitable reducing

agent such as NaCN(BH,) or Na(OAc),BH in the presence of

an acid if required such as HCl or AcOH or a Lewis acid/

dehydrating agent such as Ti(OiPr), or MgSO,,.

Scheme L: Alternative Coupling

O 7
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N—Q + 2 B — /Q
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1. NH,
7
R T ¥
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. H H )
HO,C 1. BHTHF o N N
2. MsCl, K»CO5
e Q —_— Q
N 3. NaNj 0 N
| 4. PhyP or PA/C, Hy |
Re 5. RNCO R
C
n=0-2
(L-VD)
(L-TID) -
N 1
1. RNT, _
I R
Q
o Ir/
Re

(L-VII)
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Scheme M: Alternative coupling
Re
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H Q o N A
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n=0-2 M) (M-IV)
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1 NH,
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HO g 5. RNCO m Re
n= 0-2, m= 0-2 (M_VIII)
M-V
M-V) 1. RNH, § "
—_— R/ Q
I
N
0 " ~ Re
(M-IX)

The enol ethers (M-1) may be hydrolyzed under acidic
conditions (e.g. TsOH/H,0, HCI/H,O) to give the aldehydes
(M-II). Reductive amination of (M-II) is conducted with
amines (M-III) where Q and R_ have the same meaning as in
scheme K, using a reducing agent such as NaCNBH, or
Na(OAc);BH in the presence of an acid such as HCl or AcOH
or a Lewis acid/dehydrating agent such as Ti(OiPr), or

Scheme N: Synthesis of Amides

7

40

MgSO,. Subsequent ester protecting group removal is then
carried out to give the acid (M-1V). The acids (M-V) (which
include the acids (M-IV)) may be transformed into the cor-
responding target benzimidazoles (M-VII), ureas (M-VIII)
and amides (M-IX) using reaction conditions similar to those
described in scheme H.

1.[0]
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n O X
n
n=0-2
(N-II)
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(N-TIT)
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-continued

7N
R
/
(N-VIID)
2. AcOH

3. Deprotect

1. BH;THF HO o
2. MsCl, K,C05
_ -
3. NaNj3 0 R
4. PhyP or PA/C, Hy o N N

5.RNCO
6. Deprotect (N-X)

1. RNH,

—_—
2. Deprotect

N-XT)
H Q
~ Il\I/
HO 4 Re . /Q
(N-XII) X N
0 X Amide coupling m \Rc
" (@]

(N-II) (N-XTIT)

The benzimidazoles, ureas and amides of formula (N-XIIT) 40
may be synthesized as depicted in Scheme N. The aldehyde
(N-I) where X represents a benzimidazole, urea or amide
functionality, may be converted in the corresponding acid via L NaBH4
oxidation with a reagent such as NaClO,. The cyclobutanones 45 mx 3 MsCL KoCO;
of formula (N-III) may be treated with phosphonates of for-
mula (N-IV) and a suitable base such as LIHMDS, NaHMDS, (O-I)

KHMDS, KOtBu, LDA or Et;N/LiCl in an inert solvent to

give the cyclobutanes (N-V), which upon reduction via treat-
ment with H, in the presence of suitable metal catalyst such as

n=0-2
HS
Pd/C, PtO, or Pd(OH), gives the acid (N-VI). LKSAc
The acids of formula (N-VII) which include the acids of X 2Lon - X

formula (N-VI) may be converted into the corresponding
benzimidazoles (N-IX), ureas (N-X) and amides (N-XI) viaa

Scheme O: 5'-Sulfur Containing Analogs

55 (0-T0) (O-TITy

series of reactions similar to those depicted in scheme H. The L. NaBH4
benzimidazoles, ureas and amides of formula (N-1T) may then 2 MsCLK;CO; K,COs3
be converted to the benzimidazoles, ureas and amides of

60 (0-IV)

formula (N-XIII) via an amide coupling reaction with the

amine (N-XIII) where Rc and Q have the same definitions as MsO 1. KSAc
in Scheme K, using a suitable coupling agent (e.g. HATU, X 2LoH
PPAA, COMU, EDC, EDCI), in the presence of a base (e.g. - o) !

Et;N, Hunig’s base, K,CO;). Additional reagents such as
HOAT, HOBt or HOSu may be added if necessary.
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" 3. KAcS
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) G /\Q’
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Q
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¥
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Q [0]
n !
Q
(O-XIV)
¥
X 0 0
\\S//
m !
Q
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The thioethers (O-XIII), sulfoxides (O-XIV) and sulfones
(O-XV) may be synthesized as depicted in Scheme O. The
cyclobutanones (O-I), where X represents benzimidazole,
urea or amide functionality, may be reduced with a reducing
reagent such as NaBH, to give the corresponding alcohol,
which in turn may converted to a leaving group such a MsO,
by treatment with MsCl with a base such as K,COj; in an inert
solvent. The cyclobutane (O-II) is then converted into the
corresponding thiol (O-I1I) by first treating with a sulfur
based nucleophile such as KSAc followed by hydrolysis of
the thioester under basic conditions, e.g. LIOH/H,O/MeOH.

The aldehydes (O-1V) may be converted into the corre-
sponding thiols via a reaction sequence similar to that as
described for converting (O-I) into (O-I1II).

The cyclobutanones (O-VII) may be converted into acids
(O-IX) by treatment with a phosphonate of formula (O-VIII)
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in the presence of a suitable base (Cs,CO;, K,CO,, LIHMDS,
NaHMDS, KHMDS, KOtBu, LDA), followed by reduction
using H, in the presence of a suitable metal catalyst such as
Pd/C, PtO, or PA(OH),. The acid is the selectively reduced to
the primary alcohol using a reagent such as BH;: THF or by
reaction with carbonyldiimidazole, Et;N followed by
NaBH,. The primary alcohol is converted to the correspond-
ing thiol using reactions similar to those used for the synthesis
of (O-1II) and (O-VI) from their secondary alcohol interme-
diates.

The thiols (O-XI) may then be treated with the intermedi-
ates (O-XII) where Q' represents the intermediates (O-XVI),
(O-XVII), (O-XVIII) and (O-XIX) depicted below (and also
the corresponding 2- or 3'-deoxy intermediates) and LG rep-
resents a leaving group such as Cl, TfO or MsO. The reaction
may carried out in the presence of a suitable base such as
K,CO;, Cs,CO;, Et;N or Hunig’s base to give the thioethers
(O-XIII) which may be converted into the corresponding
sulfoxides (O-XIV) or sulfones (O-XV) via treatment with
suitable oxidizing agents such as H,O, or mCPBA.

(0-XVD)

(0-XVID)

(0-XVIII)

(0-XIX)
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Scheme P: Amine, Amide and Sulfonamide Caps
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B SN
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(P—IV) 15 or R

0
H H
N N 9
R Q . . .
\”/ | The amine, amide and sulfonamide target molecules may
0 - N\H be synthesized from the amines (P-I), (P-1I) and (P-I1I) using

20 standard reaction conditions. The amide target molecules
may be produced by treating the amines with the appropriate

H H carboxylic acid in the presence of a suitable coupling agent

R Q (e.g. HATU, PPAA, COMU, EDC, EDCI), in the presence of

\ﬂ/ | abase (e.g. Et;N, Hunig’s base, K,CO;). Additional reagents

o w X such as HOAt, HOBt or HOSu may be added if necessary. The

sulfonamide target molecules may be produced may treating

@-v) the amines with the appropriate sulfonyl chloride in the pres-

g . ence of a base such as K,CO;, or Et;N. The amine target
molecules may be formed via a reductive amination reaction
N with the appropriate aldehyde or ketone in the presence of a

" H suitable reducing agent such as NaBH(OAc), or NaCNBHj.

(P-1I) Additional reagents such as acids AcOH or HCl or the Lewis
acid/dehydrating agents Ti(OiPr), or MgSO, may be added.

Scheme Q: Preparation of 4-(1-methoxy-2-methylpropan-2-yl)benzene-1,2-diamine
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Scheme R: Preparation of 4-cyclobutylbenzene-1,2-diamine
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szo Cs,CO;3 NO,
—_—
DCM-+Toluene
F
F
NaNj
DMF

10%
Pd—C,
Hz
EtOH EtOAc

Scheme S: Preparation of 1-(3,4-diaminophenyl)cyclobutanecarbonitrile
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Scheme T: Preparation of 4-cyclopropylbenzene-1,2-diamine
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Scheme U: Preparation of 1-(3,4-diaminophenyl)cyclopropanecarbonitrile
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Scheme V: Preparation of 4-(2,2,2-trifluoroethyl)benzene-1,2-diamine
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Scheme W: Preparation of 2-(3,4-diaminophenyl)-2-methylpropanenitrile
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Throughout the description, where compositions are
described as having, including, or comprising specific com-
ponents, or where processes are described as having, includ-
ing, or comprising specific process steps, it is contemplated
that compositions of the present invention also consist essen-
tially of, or consist of, the recited components, and that the
processes of the present invention also consist essentially of,
or consist of, the recited processing steps. Further, it should be
understood that the order of steps or order for performing
certain actions are immaterial so long as the invention
remains operable. Moreover, two or more steps or actions can
be conducted simultaneously.

Compounds designed, selected and/or optimized by meth-
ods described above, once produced, can be characterized
using a variety of assays known to those skilled in the art to
determine whether the compounds have biological activity.
For example, the molecules can be characterized by conven-
tional assays, including but not limited to those assays
described below, to determine whether they have a predicted
activity, binding activity and/or binding specificity.

Furthermore, high-throughput screening can be used to
speed up analysis using such assays. As a result, it can be

NaN;, F
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NO,
— T
Step 2 F
N3
Step 3lPM63, THF
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NO,
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Step 4 ¥

NH,
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possible to rapidly screen the molecules described herein for
activity, using techniques known in the art. General method-
ologies for performing high-throughput screening are
described, for example, in Devlin (1998) High Throughput
Screening, Marcel Dekker; and U.S. Pat. No. 5,763,263.
High-throughput assays can use one or more different assay
techniques including, but not limited to, those described
herein.

To further assess a compound’s drug-like properties, mea-
surements of inhibition of cytochrome P450 enzymes and
phase II metabolizing enzyme activity can also be measured
either using recombinant human enzyme systems or more
complex systems like human liver microsomes. Further, com-
pounds can be assessed as substrates of these metabolic
enzyme activities as well. These activities are useful in deter-
mining the potential of a compound to cause drug-drug inter-
actions or generate metabolites that retain or have no useful
antimicrobial activity.

To get an estimate of the potential of the compound to be
orally bioavailable, one can also perform solubility and
Caco-2 assays. The latter is a cell line from human epithelium
that allows measurement of drug uptake and passage through
a Caco-2 cell monolayer often growing within wells of a
24-well microtiter plate equipped with a 1 micron membrane.
Free drug concentrations can be measured on the basolateral
side of the monolayer, assessing the amount of drug that can
pass through the intestinal monolayer. Appropriate controls
to ensure monolayer integrity and tightness of gap junctions
are needed. Using this same system one can get an estimate of
P-glycoprotein mediated efflux. P-glycoprotein is a pump
that localizes to the apical membrane of cells, forming polar-
ized monolayers. This pump can abrogate the active or pas-
sive uptake across the Caco-2 cell membrane, resulting in less
drug passing through the intestinal epithelial layer. These
results are often done in conjunction with solubility measure-
ments and both of these factors are known to contribute to oral
bioavailability in mammals. Measurements of oral bioavail-
ability in animals and ultimately in man using traditional
pharmacokinetic experiments will determine the absolute
oral bioavailability.

Experimental results can also be used to build models that
help predict physical-chemical parameters that contribute to
drug-like properties. When such a model is verified, experi-
mental methodology can be reduced, with increased reliance
on the model predictability.

3. METHODS OF TREATMENT

Mixed lineage leukemia (MLL) is a genetically distinct
form of acute leukemia that constitutes over 70% of infant
leukemias and approximately 10% of adult acute myeloid
leukemias (AML) (Hess, J. L. (2004), Trends Mol Med 10,
500-507; Krivtsov, A. V., and Armstrong, S. A. (2007), Nat
Rev Cancer 7, 823-833). MLL represents a particularly
aggressive form of leukemia and patients with this disease
generally have poor prognoses; these patients often suffer
from early relapse after treatment with current chemothera-
pies. There is thus a great and present need for new treatment
modalities for patients suffering with MLL.

A universal hallmark of MLL disease is a chromosomal
translocation affecting the ML gene on chromosome 11923
(Hess, 2004; Krivtsov and Armstrong, 2007). Normally, the
MLL gene encodes for a SET-domain histone methyltrans-
ferase that catalyzes the methylation of lysine 4 of histone H3
(H3K4) at specific gene loci (Milne et al. (2002) Mol Cell 10,
1107-1117; Nakamura et al. (2002), Mol Cell 10, 1119-
1128). Gene localization is conferred by specific interactions
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with recognition elements within MLL, external to the SET-
domain (Ayton et al. (2004) Mol Cell Biol 24, 10470-10478;
Slany et al., (1998) Mol Cell Biol 18, 122-129; Zeleznik-Le et
al. (1994) Proc Natl Acad Sci USA 91, 10610-10614). In the
disease-linked translocations, the catalytic SET-domain is
lost and the remaining MLL protein is fused to a variety of
partners, including members of the AF and ENL family of
proteins such as AF4, AF9, AF10 and ENL (Hess, 2004;
Krivtsov and Armstrong, 2007; Slany (2009) Haematologica
94, 984-993). These fusion partners are capable of interacting
directly, or indirectly, with another histone methyltrans-
ferase, DOT1L (Bitoun et al. (2007) Hum Mol Genet 16,
92-106; Mohan et al. (2010) Genes Dev. 24, 574-589; Muel-
ler et al. (2007) Blood 110, 4445-4454; Mueller et al. (2009)
PLoS Biol 7, ¢1000249; Okada et al. (2005) Cell 121, 167-
178; Park et al. (2010) Protein J 29, 213-223; Yokoyama et al.
(2010) Cancer Cell 17, 198-212; Zhang et al. (2006) J Biol
Chem 281, 18059-18068). As a result, translocation products
retain gene-specific recognition elements within the remain-
der of the MLL protein, but also gain the ability to recruit
DOT1L, to these locations (Monroe et al. (2010) Exp Hema-
tol. 2010 Sep. 18. [Epub ahead of print] Pubmed PMID:
20854876, Mueller et al., 2007; Mueller et al., 2009; Okada et
al., 2005). DOT1L catalyzes the methylation of H3K79, a
chromatin modification associated with actively transcribed
genes (Feng et al. (2002) Curr Biol 12, 1052-1058; Steger et
al. (2008) Mol Cell Biol 28, 2825-2839). The ectopic H3K79
methylation that results from MLL fusion protein recruitment
of DOTI1L leads to enhanced expression of leukemogenic
genes, including HOXA9 and MEIS1 (Guenther et al. (2008)
Genes & Development 22, 3403-3408; Krivtsov et al. (2008)
Nat Rev Cancer 7, 823-833; Milne et al. (2005) Cancer Res
65, 11367-11374; Monroe et al., 2010; Mueller et al., 2009;
Okada et al., 2005; Thiel et al. (2010) Cancer Cell 17, 148-
159). Hence, while DOT1L is not genetically altered in the
disease per se, its mislocated enzymatic activity is a direct
consequence of the chromosomal translocation affecting
MLL patients; thus, DOT1L has been proposed to be a cata-
Iytic driver of leukemogenesis in this disease (Krivtsov et al.,
2008; Monroe et al., 2010; Okada et al., 2005; Yokoyama et
al. (2010) Cancer Cell 17, 198-212). Further support for a
pathogenic role of DOT1L in MLL comes from studies in
model systems that demonstrate a requirement for DOT1L in
propagating the transforming activity of MLL fusion proteins
(Mueller et al., 2007; Okada et al., 2005).

Evidence indicates that the enzymatic activity of DOT1L is
critical to pathogenesis in MLL and inhibition of DOT1L may
provide a pharmacologic basis for therapeutic intervention in
this disease. Compound treatment results in selective, con-
centration-dependent killing of leukemia cells bearing the
MLL-translocation without effect on non-MLL transformed
cells. Gene expression analysis of inhibitor treated cells
shows downregulation of genes aberrantly over expressed in
MLL-rearranged leukemias and similarities with gene
expression changes caused by genetic knockout of the Dot1L
gene in a mouse model of MLL-AF9 leukemia.

The present invention provides methods for the treatment
of a cell proliferative disorder in a subject in need thereof by
administering to a subject in need of such treatment, a thera-
peutically effective amount of a compound of the present
invention, or a pharmaceutically acceptable salt, prodrug,
metabolite, polymorph or solvate thereof. The cell prolifera-
tive disorder can be cancer or a precancerous condition. The
present invention further provides the use of a compound of
the present invention, or a pharmaceutically acceptable salt,
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prodrug, metabolite, polymorph or solvate thereof, for the
preparation of a medicament useful for the treatment ofa cell
proliferative disorder.

The present invention provides methods for the treatment
ot hematological cancer or hematologic tumors in a subjectin
need thereof by administering to a subject in need of such
treatment, a therapeutically effective amount of a compound
of the present invention, or a pharmaceutically acceptable
salt, prodrug, metabolite, polymorph or solvate thereof. The
present invention further provides the use of a compound of
the present invention, or a pharmaceutically acceptable salt,
prodrug, metabolite, polymorph or solvate thereof, for the
preparation of a medicament useful for the treatment of
hematological cancer or hematologic tumors.

The present invention provides methods for the treatment
of'leukemia in a subject in need thereof by administering to a
subject in need of such treatment, a therapeutically effective
amount of a compound of the present invention, or a pharma-
ceutically acceptable salt, prodrug, metabolite, polymorph or
solvate thereof. The leukemia can be acute or chronic leuke-
mia. Preferably, the leukemia is acute myeloid leukemia,
acute lymphocytic leukemia or mixed lineage leukemia. The
present invention further provides the use of a compound of
the present invention, or a pharmaceutically acceptable salt,
prodrug, metabolite, polymorph or solvate thereof, for the
preparation of a medicament useful for the treatment of leu-
kemia.

The present invention provides methods for the treatment
of'a disease or disorder mediated by translocation of a gene on
chromosome 1123 in a subject in need thereof by adminis-
tering to a subject in need of such treatment, a therapeutically
effective amount of a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite, poly-
morph or solvate thereof. The gene can be the MLL gene. The
present invention further provides the use of a compound of
the present invention, or a pharmaceutically acceptable salt,
prodrug, metabolite, polymorph or solvate thereof, for the
preparation of a medicament useful for the treatment of a
disease or disorder mediated by translocation of a gene on
chromosome 11q23.

The present invention provides methods for the treatment
of a disease or disorder mediated by DOT1 (e.g., DOT1L)-
mediated protein methylation in a subject in need thereof by
administering to a subject in need of such treatment, a thera-
peutically effective amount of a compound of the present
invention, or a pharmaceutically acceptable salt, prodrug,
metabolite, polymorph or solvate thereof. The present inven-
tion further provides the use of a compound of the present
invention, or a pharmaceutically acceptable salt, prodrug,
metabolite, polymorph or solvate thereof, for the preparation
of a medicament useful for the treatment of a disease or
disorder mediated by DOT1L-mediated protein methylation.

The present invention provides methods for the treatment
of'a disorder the course of which is influenced by modulating
the methylation status of histones or other proteins, wherein
said methylation status is mediated at least in part by the
activity of DOT1L. Modulation of the methylation status of
histones can in turn influence the level of expression of target
genes activated by methylation, and/or target genes sup-
pressed by methylation. The method includes administering
to a subject in need of such treatment, a therapeutically effec-
tive amount of a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite, poly-
morph, solvate, or stereoisomer or thereof.

The disorder in which DOT1L-mediated protein methyla-
tion plays a part can be cancer or a precancerous condition or
aneurological disease. The present invention further provides
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the use of a compound of the present invention, or a pharma-
ceutically acceptable salt, prodrug, metabolite, polymorph or
solvate thereof, for the preparation of a medicament useful for
the treatment of cancer or a neurological disease.

The present invention also provides methods of protecting
against a disorder in which DOT11.-mediated protein methy-
lation plays a part in a subject in need thereof by administer-
ing a therapeutically effective amount of compound of the
present invention, or a pharmaceutically acceptable salt, pro-
drug, metabolite, polymorph or solvate thereof; to a subject in
need of such treatment. The disorder can be cancer or a
neurological disease. The present invention also provides the
use of compound of the present invention, or a pharmaceuti-
cally acceptable salt, prodrug, metabolite, polymorph, sol-
vate, or stereoisomer or thereof, for the preparation of a
medicament useful for the prevention of a cell proliferative
disorder.

The compounds of this invention can be used to modulate
protein (e.g., histone) methylation, e.g., to modulate histone
methyltransferase or histone demethylase enzyme activity.
Histone methylation has been reported to be involved in aber-
rant expression of certain genes in cancers, and in silencing of
neuronal genes in non-neuronal cells. The compounds
described herein can be used to treat these diseases, i.e., to
decreases methylation or restores methylation to roughly its
level in counterpart normal cells.

In general, compounds that are methylation modulators
can be used for modulating cell proliferation, generally. For
example, in some cases excessive proliferation may be
reduced with agents that decrease methylation, whereas
insufficient proliferation may be stimulated with agents that
increase methylation. Accordingly, diseases that may be
treated by the compounds of the invention include hyperpro-
liferative diseases, such as benign cell growth and malignant
cell growth.

As used herein, a “subject in need thereof” is a subject
having a cell proliferative disorder, or a subject having an
increased risk of developing a cell proliferative disorder rela-
tive to the population at large. The subject can have cancer or
pre-cancer. Preferably, a subject in need thereof has cancer.
More preferably, a hematologic cancer or leukemia. A “sub-
ject” includes a mammal. The mammal can be e.g., any mam-
mal, e.g., a human, primate, bird, mouse, rat, fowl, dog, cat,
cow, horse, goat, camel, sheep or a pig. Preferably, the mam-
mal is a human.

As used herein, the term “cell proliferative disorder” refers
to conditions in which unregulated or abnormal growth, or
both, of cells can lead to the development of an unwanted
condition or disease, which may or may not be cancerous.
Exemplary cell proliferative disorders of the invention
encompass a variety of conditions wherein cell division is
deregulated. Exemplary cell proliferative disorder include,
but are not limited to, neoplasms, benign tumors, malignant
tumors, pre-cancerous conditions, in situ tumors, encapsu-
lated tumors, metastatic tumors, liquid tumors, solid tumors,
immunological tumors, hematological tumors, cancers, car-
cinomas, leukemias, lymphomas, sarcomas, and rapidly
dividing cells. The term “rapidly dividing cell” as used herein
is defined as any cell that divides at a rate that exceeds or is
greater than what is expected or observed among neighboring
or juxtaposed cells within the same tissue. A cell proliferative
disorder includes a precancer or a precancerous condition. A
cell proliferative disorder includes cancer. Preferably, the
methods provided herein are used to treat or alleviate a symp-
tom of cancer. The term “cancer” includes solid tumors, as
well as, hematologic tumors and/or malignancies. A “precan-
cer cell” or “precancerous cell” is a cell manifesting a cell
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proliferative disorder that is a precancer or a precancerous
condition. A “cancer cell” or “cancerous cell” is a cell mani-
festing a cell proliferative disorder that is a cancer. Any repro-
ducible means of measurement may be used to identify can-
cer cells or precancerous cells. Cancer cells or precancerous
cells can be identified by histological typing or grading of a
tissue sample (e.g., a biopsy sample). Cancer cells or precan-
cerous cells can be identified through the use of appropriate
molecular markers.

Exemplary non-cancerous conditions or disorders include,
but are not limited to, rheumatoid arthritis; inflammation;
autoimmune disease; lymphoproliferative conditions;
acromegaly; rheumatoid spondylitis; osteoarthritis; gout,
other arthritic conditions; sepsis; septic shock; endotoxic
shock; gram-negative sepsis; toxic shock syndrome; asthma;
adult respiratory distress syndrome; chronic obstructive pul-
monary disease; chronic pulmonary inflammation; inflam-
matory bowel disease; Crohn’s disease; psoriasis; eczema;
ulcerative colitis; pancreatic fibrosis; hepatic fibrosis; acute
and chronic renal disease; irritable bowel syndrome; pyresis;
restenosis; cerebral malaria; stroke and ischemic injury; neu-
ral trauma; Alzheimer’s disease; Huntington’s disease; Par-
kinson’s disease; acute and chronic pain; allergic rhinitis;
allergic conjunctivitis; chronic heart failure; acute coronary
syndrome; cachexia; malaria; leprosy; leishmaniasis; Lyme
disease; Reiter’s syndrome; acute synovitis; muscle degen-
eration, bursitis; tendonitis; tenosynovitis; herniated, rup-
tures, or prolapsed intervertebral disk syndrome; osteopetro-
sis; thrombosis; restenosis; silicosis; pulmonary sarcosis;
bone resorption diseases, such as osteoporosis; graft-versus-
host reaction; Multiple Sclerosis; lupus; fibromyalgia; AIDS
and other viral diseases such as Herpes Zoster, Herpes Sim-
plex I orIl, influenza virus and cytomegalovirus; and diabetes
mellitus.

Exemplary cancers include, but are not limited to, adreno-
cortical carcinoma, AIDS-related cancers, AIDS-related lym-
phoma, anal cancer, anorectal cancer, cancer of the anal canal,
appendix cancer, childhood cerebellar astrocytoma, child-
hood cerebral astrocytoma, basal cell carcinoma, skin cancer
(non-melanoma), biliary cancer, extrahepatic bile duct can-
cer, intrahepatic bile duct cancer, bladder cancer, uringary
bladder cancer, bone and joint cancer, osteosarcoma and
malignant fibrous histiocytoma, brain cancer, brain tumor,
brain stem glioma, cerebellar astrocytoma, cerebral astrocy-
toma/malignant glioma, ependymoma, medulloblastoma,
supratentorial primitive neuroectodeimal tumors, visual
pathway and hypothalamic glioma, breast cancer, bronchial
adenomas/carcinoids, carcinoid tumor, gastrointestinal, ner-
vous system cancer, nervous system lymphoma, central ner-
vous system cancer, central nervous system lymphoma, cer-
vical cancer, childhood cancers, chronic lymphocytic
leukemia, chronic myelogenous leukemia, chronic myelo-
proliferative disorders, colon cancer, colorectal cancer, cuta-
neous T-cell lymphoma, lymphoid neoplasm, mycosis fun-
goides, Seziary Syndrome, endometrial cancer, esophageal
cancer, extracranial germ cell tumor, extragonadal germ cell
tumor, extrahepatic bile duct cancer, eye cancer, intraocular
melanoma, retinoblastoma, gallbladder cancer, gastric (stom-
ach) cancer, gastrointestinal carcinoid tumor, gastrointestinal
stromal tumor (GIST), germ cell tumor, ovarian germ cell
tumor, gestational trophoblastic tumor glioma, head and neck
cancer, hepatocellular (liver) cancer, Hodgkin lymphoma,
hypopharyngeal cancer, intraocular melanoma, ocular can-
cer, islet cell tumors (endocrine pancreas), Kaposi Sarcoma,
kidney cancer, renal cancer, kidney cancer, laryngeal cancer,
acute lymphoblastic leukemia, acute lymphocytic leukemia,
acute myeloid leukemia, chronic lymphocytic leukemia,
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chronic myelogenous leukemia, hairy cell leukemia, lip and
oral cavity cancer, liver cancer, lung cancer, non-small cell
lung cancer, small cell lung cancer, AIDS-related lymphoma,
non-Hodgkin lymphoma, primary central nervous system
lymphoma, Waldenstram macroglobulinemia, medulloblas-
toma, melanoma, intraocular (eye) melanoma, merkel cell
carcinoma, mesothelioma malignant, mesothelioma, meta-
static squamous neck cancer, mouth cancer, cancer of the
tongue, multiple endocrine neoplasia syndrome, mycosis
fungoides, myelodysplastic syndromes, myelodysplastic/
myeloproliferative diseases, chronic myelogenous leukemia,
acute myeloid leukemia, multiple myeloma, chronic myelo-
proliferative disorders, nasopharyngeal cancer, neuroblas-
toma, oral cancer, oral cavity cancer, oropharyngeal cancer,
ovarian cancer, ovarian epithelial cancer, ovarian low malig-
nant potential tumor, pancreatic cancer, islet cell pancreatic
cancer, paranasal sinus and nasal cavity cancer, parathyroid
cancer, penile cancer, pharyngeal cancer, pheochromocy-
toma, pineoblastoma and supratentorial primitive neuroec-
todellnal tumors, pituitary tumor, plasma cell neoplasm/mul-
tiple myeloma, pleuropulmonary blastoma, prostate cancer,
rectal cancer, renal pelvis and ureter, transitional cell cancer,
retinoblastoma, rhabdomyosarcoma, salivary gland cancer,
ewing family of sarcoma tumors, Kaposi Sarcoma, soft tissue
sarcoma, uterine cancer, uterine sarcoma, skin cancer (non-
melanoma), skin cancer (melanoma), merkel cell skin carci-
noma, small intestine cancer, soft tissue sarcoma, squamous
cell carcinoma, stomach (gastric) cancer, supratentorial
primitive neuroectodelinal tumors, testicular cancer, throat
cancer, thymoma, thymoma and thymic carcinoma, thyroid
cancer, transitional cell cancer of the renal pelvis and ureter
and other urinary organs, gestational trophoblastic tumor,
urethral cancer, endometrial uterine cancer, uterine sarcoma,
uterine corpus cancer, vaginal cancer, vulvar cancer, and
Wilm’s Tumor.

A “cell proliferative disorder of the hematologic system” is
acell proliferative disorder involving cells of the hematologic
system. A cell proliferative disorder of the hematologic sys-
tem can include lymphoma, leukemia, myeloid neoplasms,
mast cell neoplasms, myelodysplasia, benign monoclonal
gammopathy, lymphomatoid granulomatosis, lymphomatoid
papulosis, polycythemia vera, chronic myelocytic leukemia,
agnogenic myeloid metaplasia, and essential thromb-
ocythemia. A cell proliferative disorder of the hematologic
system can include hyperplasia, dysplasia, and metaplasia of
cells of the hematologic system. Preferably, compositions of
the present invention may be used to treat a cancer selected
from the group consisting of a hematologic cancer of the
present invention or a hematologic cell proliferative disorder
of'the present invention. A hematologic cancer of the present
invention can include multiple myeloma, lymphoma (includ-
ing Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, child-
hood lymphomas, and lymphomas of lymphocytic and cuta-
neous origin), leukemia (including childhood leukemia,
hairy-cell leukemia, acute lymphocytic leukemia, acute
myelocytic leukemia, chronic lymphocytic leukemia, chronic
myelocytic leukemia, chronic myelogenous leukemia, and
mast cell leukemia), myeloid neoplasms and mast cell neo-
plasms.

A “cell proliferative disorder of the lung” is a cell prolif-
erative disorder involving cells of the lung. Cell proliferative
disorders of the lung can include all forms of cell proliferative
disorders affecting lung cells. Cell proliferative disorders of
the lung can include lung cancer, a precancer or precancerous
condition of the lung, benign growths or lesions of the lung,
and malignant growths or lesions of the lung, and metastatic
lesions in tissue and organs in the body other than the lung.
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Preferably, compositions of the present invention may be
used to treat lung cancer or cell proliferative disorders of the
lung. Lung cancer can include all forms of cancer of the lung.
Lung cancer can include malignant lung neoplasms, carci-
noma in situ, typical carcinoid tumors, and atypical carcinoid
tumors. Lung cancer can include small cell lung cancer
(“SCLC”), non-small cell lung cancer (“NSCLC”), squa-
mous cell carcinoma, adenocarcinoma, small cell carcinoma,
large cell carcinoma, adenosquamous cell carcinoma, and
mesothelioma. Lung cancer can include “scar carcinoma,”
bronchioalveolar carcinoma, giant cell carcinoma, spindle
cell carcinoma, and large cell neuroendocrine carcinoma.
Lung cancer can include lung neoplasms having histologic
and ultrastructual heterogeneity (e.g., mixed cell types).

Cell proliferative disorders of the lung can include all
forms of cell proliferative disorders affecting lung cells. Cell
proliferative disorders of the lung can include lung cancer,
precancerous conditions of the lung. Cell proliferative disor-
ders of the lung can include hyperplasia, metaplasia, and
dysplasia of the lung. Cell proliferative disorders of the lung
can include asbestos-induced hyperplasia, squamous meta-
plasia, and benign reactive mesothelial metaplasia. Cell pro-
liferative disorders of the lung can include replacement of
columnar epithelium with stratified squamous epithelium,
and mucosal dysplasia. Individuals exposed to inhaled inju-
rious environmental agents such as cigarette smoke and
asbestos may be at increased risk for developing cell prolif-
erative disorders of the lung. Prior lung diseases that may
predispose individuals to development of cell proliferative
disorders of the lung can include chronic interstitial lung
disease, necrotizing pulmonary disease, scleroderma, rheu-
matoid disease, sarcoidosis, interstitial pneumonitis, tubercu-
losis, repeated pneumonias, idiopathic pulmonary fibrosis,
granulomata, asbestosis, fibrosing alveolitis, and Hodgkin’s
disease.

A “cell proliferative disorder of the colon” is a cell prolif-
erative disorder involving cells of the colon. Preferably, the
cell proliferative disorder of the colon is colon cancer. Pref-
erably, compositions of the present invention may be used to
treat colon cancer or cell proliferative disorders of the colon.
Colon cancer can include all forms of cancer of the colon.
Colon cancer can include sporadic and hereditary colon can-
cers. Colon cancer can include malignant colon neoplasms,
carcinoma in situ, typical carcinoid tumors, and atypical car-
cinoid tumors. Colon cancer can include adenocarcinoma,
squamous cell carcinoma, and adenosquamous cell carci-
noma. Colon cancer can be associated with a hereditary syn-
drome selected from the group consisting of hereditary non-
polyposis colorectal cancer, familial adenomatous polyposis,
Gardner’s syndrome, Peutz-Jeghers syndrome, Turcot’s syn-
drome and juvenile polyposis. Colon cancer can be caused by
a hereditary syndrome selected from the group consisting of
hereditary nonpolyposis colorectal cancer, familial adenoma-
tous polyposis, Gardner’s syndrome, Peutz-Jeghers syn-
drome, Turcot’s syndrome and juvenile polyposis.

Cell proliferative disorders of the colon can include all
forms of cell proliferative disorders affecting colon cells. Cell
proliferative disorders of the colon can include colon cancer,
precancerous conditions of the colon, adenomatous polyps of
the colon and metachronous lesions of the colon. A cell pro-
liferative disorder of the colon can include adenoma. Cell
proliferative disorders of the colon can be characterized by
hyperplasia, metaplasia, and dysplasia of the colon. Prior
colon diseases that may predispose individuals to develop-
ment of cell proliferative disorders of the colon can include
prior colon cancer. Current disease that may predispose indi-
viduals to development of cell proliferative disorders of the
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colon can include Crohn’s disease and ulcerative colitis. A
cell proliferative disorder of the colon can be associated with
a mutation in a gene selected from the group consisting of
p53, ras, FAP and DCC. An individual can have an elevated
risk of developing a cell proliferative disorder of the colon
due to the presence of a mutation in a gene selected from the
group consisting of p53, ras, FAP and DCC.

A “cell proliferative disorder of the pancreas” is a cell
proliferative disorder involving cells of the pancreas. Cell
proliferative disorders of the pancreas can include all forms of
cell proliferative disorders affecting pancreatic cells. Cell
proliferative disorders of the pancreas can include pancreas
cancer, a precancer or precancerous condition of the pan-
creas, hyperplasia of the pancreas, and dysaplasia of the pan-
creas, benign growths or lesions of the pancreas, and malig-
nant growths or lesions of the pancreas, and metastatic lesions
in tissue and organs in the body other than the pancreas.
Pancreatic cancer includes all forms of cancer of the pan-
creas. Pancreatic cancer can include ductal adenocarcinoma,
adenosquamous carcinoma, pleomorphic giant cell carci-
noma, mucinous adenocarcinoma, osteoclast-like giant cell
carcinoma, mucinous cystadenocarcinoma, acinar carci-
noma, unclassified large cell carcinoma, small cell carci-
noma, pancreatoblastoma, papillary neoplasm, mucinous
cystadenoma, papillary cystic neoplasm, and serous cystad-
enoma. Pancreatic cancer can also include pancreatic neo-
plasms having histologic and ultrastructual heterogeneity
(e.g., mixed cell types).

A “cell proliferative disorder of the prostate” is a cell
proliferative disorder involving cells of the prostate. Cell
proliferative disorders of the prostate can include all forms of
cell proliferative disorders affecting prostate cells. Cell pro-
liferative disorders of the prostate can include prostate cancer,
aprecancer or precancerous condition of the prostate, benign
growths or lesions of the prostate, and malignant growths or
lesions of the prostate, and metastatic lesions in tissue and
organs in the body other than the prostate. Cell proliferative
disorders of the prostate can include hyperplasia, metaplasia,
and dysplasia of the prostate.

A “cell proliferative disorder of the skin” is a cell prolif-
erative disorder involving cells of the skin. Cell proliferative
disorders of the skin can include all forms of cell proliferative
disorders affecting skin cells. Cell proliferative disorders of
the skin can include a precancer or precancerous condition of
the skin, benign growths or lesions of the skin, melanoma,
malignant melanoma and other malignant growths or lesions
of' the skin, and metastatic lesions in tissue and organs in the
body other than the skin. Cell proliferative disorders of the
skin can include hyperplasia, metaplasia, and dysplasia of the
skin.

A “cell proliferative disorder of the ovary” is a cell prolif-
erative disorder involving cells of the ovary. Cell proliferative
disorders of the ovary can include all forms of cell prolifera-
tive disorders affecting cells of the ovary. Cell proliferative
disorders of the ovary can include a precancer or precancer-
ous condition of the ovary, benign growths or lesions of the
ovary, ovarian cancer, malignant growths or lesions of the
ovary, and metastatic lesions in tissue and organs in the body
other than the ovary. Cell proliferative disorders of the skin
can include hyperplasia, metaplasia, and dysplasia of cells of
the ovary.

A “cell proliferative disorder of the breast” is a cell prolif-
erative disorder involving cells of the breast. Cell prolifera-
tive disorders of the breast can include all forms of cell
proliferative disorders affecting breast cells. Cell prolifera-
tive disorders of the breast can include breast cancer, a pre-
cancer or precancerous condition of the breast, benign
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growths or lesions of the breast, and malignant growths or
lesions of the breast, and metastatic lesions in tissue and
organs in the body other than the breast. Cell proliferative
disorders of the breast can include hyperplasia, metaplasia,
and dysplasia of the breast.

A cell proliferative disorder of the breast can be a precan-
cerous condition of the breast. Compositions of the present
invention may be used to treat a precancerous condition of the
breast. A precancerous condition of the breast can include
atypical hyperplasia of the breast, ductal carcinoma in situ
(DCIS), intraductal carcinoma, lobular carcinoma in situ
(LCIS), lobular neoplasia, and stage O or grade 0 growth or
lesion of the breast (e.g., stage 0 or grade 0 breast cancer, or
carcinoma insitu). A precancerous condition of the breast can
be staged according to the TNM classification scheme as
accepted by the American Joint Committee on Cancer
(AJCC), where the primary tumor (T) has been assigned a
stage of TO or Tis; and where the regional lymph nodes (N)
have been assigned a stage of NO; and where distant metasta-
sis (M) has been assigned a stage of MO.

The cell proliferative disorder of the breast can be breast
cancer. Preferably, compositions of the present invention may
be used to treat breast cancer. Breast cancer includes all forms
of cancer of the breast. Breast cancer can include primary
epithelial breast cancers. Breast cancer can include cancers in
which the breast is involved by other tumors such as lym-
phoma, sarcoma or melanoma. Breast cancer can include
carcinoma of the breast, ductal carcinoma of the breast, lobu-
lar carcinoma of the breast, undifferentiated carcinoma of the
breast, cystosarcoma phyllodes of the breast, angiosarcoma
of the breast, and primary lymphoma of the breast. Breast
cancer can include Stage I, 11, II1A, 1IIB, IIIC and IV breast
cancer. Ductal carcinoma of the breast can include invasive
carcinoma, invasive carcinoma in situ with predominant
intraductal component, inflammatory breast cancer, and a
ductal carcinoma of the breast with a histologic type selected
from the group consisting of comedo, mucinous (colloid),
medullary, medullary with lymphcytic infiltrate, papillary,
scirrhous, and tubular. Lobular carcinoma of the breast can
include invasive lobular carcinoma with predominant in situ
component, invasive lobular carcinoma, and infiltrating lobu-
lar carcinoma. Breast cancer can include Paget’s disease,
Paget’s disease with intraductal carcinoma, and Paget’s dis-
ease with invasive ductal carcinoma. Breast cancer can
include breast neoplasms having histologic and ultrastructual
heterogeneity (e.g., mixed cell types).

Preferably, compound of the present invention, or a phar-
maceutically acceptable salt, prodrug, metabolite, poly-
morph, or solvate thereof, may be used to treat breast cancer.
A breast cancer that s to be treated can include familial breast
cancer. A breast cancer that is to be treated can include spo-
radic breast cancer. A breast cancer that is to be treated can
arise in a male subject. A breast cancer that is to be treated can
arise in a female subject. A breast cancer that is to be treated
can arise in a premenopausal female subject or a postmeno-
pausal female subject. A breast cancer that is to be treated can
arise in a subject equal to or older than 30 years old, or a
subject younger than 30 years old. A breast cancer that is to be
treated has arisen in a subject equal to or older than 50 years
old, or a subject younger than 50 years old. A breast cancer
that is to be treated can arise in a subject equal to or older than
70 years old, or a subject younger than 70 years old.

A breast cancer that is to be treated can be typed to identify
a familial or spontaneous mutation in BRCA1, BRCA2, or
p53. A breast cancer that is to be treated can be typed as
having a HER2/neu gene amplification, as overexpressing
HER2/neu, or as having a low, intermediate or high level of
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HER2/neu expression. A breast cancer that is to be treated can
be typed for a marker selected from the group consisting of
estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor-2, Ki-67, CA15-3, CA
27-29, and c-Met. A breast cancer that is to be treated can be
typed as ER-unknown, ER-rich or ER-poor. A breast cancer
that is to be treated can be typed as ER-negative or ER-
positive. ER-typing of a breast cancer may be performed by
any reproducible means. ER-typing of a breast cancer may be
performed as set forth in Onkologie 27: 175-179 (2004). A
breast cancer that is to be treated can be typed as PR-un-
known, PR-rich, or PR-poor. A breast cancer that is to be
treated can be typed as PR-negative or PR-positive. A breast
cancer that is to be treated can be typed as receptor positive or
receptor negative. A breast cancer that is to be treated can be
typed as being associated with elevated blood levels of CA
15-3, or CA 27-29, or both.

A breast cancer that is to be treated can include a localized
tumor of the breast. A breast cancer that is to be treated can
include a tumor of the breast that is associated with a negative
sentinel lymph node (SLN) biopsy. A breast cancer that is to
be treated can include a tumor of the breast that is associated
with a positive sentinel lymph node (SLN) biopsy. A breast
cancer that is to be treated can include a tumor of the breast
that is associated with one or more positive axillary lymph
nodes, where the axillary lymph nodes have been staged by
any applicable method. A breast cancer that is to be treated
can include a tumor of the breast that has been typed as having
nodal negative status (e.g., node-negative) or nodal positive
status (e.g., node-positive). A breast cancer that is to be
treated can include a tumor of the breast that has metastasized
to other locations in the body. A breast cancer that is to be
treated can be classified as having metastasized to a location
selected from the group consisting of bone, lung, liver, or
brain. A breast cancer that is to be treated can be classified
according to a characteristic selected from the group consist-
ing of metastatic, localized, regional, local-regional, locally
advanced, distant, multicentric, bilateral, ipsilateral, con-
tralateral, newly diagnosed, recurrent, and inoperable.

A compound of the present invention, or a pharmaceuti-
cally acceptable salt, prodrug, metabolite, polymorph or sol-
vate thereof, may be used to treat or prevent a cell prolifera-
tive disorder of the breast, or to treat or prevent breast cancer,
in a subject having an increased risk of developing breast
cancer relative to the population at large. A subject with an
increased risk of developing breast cancer relative to the
population at large is a female subject with a family history or
personal history of breast cancer. A subject with an increased
risk of developing breast cancer relative to the population at
large is a female subject having a germ-line or spontaneous
mutation in BRCA1 or BRCA2, or both. A subject with an
increased risk of developing breast cancer relative to the
population at large is a female subject with a family history of
breast cancer and a germ-line or spontancous mutation in
BRCA1 or BRCA2, or both. A subject with an increased risk
of developing breast cancer relative to the population at large
is a female who is greater than 30 years old, greater than 40
years old, greater than 50 years old, greater than 60 years old,
greater than 70 years old, greater than 80 years old, or greater
than 90 years old. A subject with an increased risk of devel-
oping breast cancer relative to the population at large is a
subject with atypical hyperplasia of the breast, ductal carci-
noma in situ (DCIS), intraductal carcinoma, lobular carci-
noma in situ (LCIS), lobular neoplasia, or a stage 0 growth or
lesion of the breast (e.g., stage 0 or grade 0 breast cancer, or
carcinoma in situ).
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A Dbreast cancer that is to be treated can histologically
graded according to the Scarff-Bloom-Richardson system,
wherein a breast tumor has been assigned a mitosis count
score of 1, 2, or 3; a nuclear pleiomorphism score of 1, 2, or
3; a tubule formation score of 1, 2, or 3; and a total Scarff-
Bloom-Richardson score of between 3 and 9. A breast cancer
that is to be treated can be assigned a tumor grade according
to the International Consensus Panel on the Treatment of
Breast Cancer selected from the group consisting of grade 1,
grade 1-2, grade 2, grade 2-3, or grade 3.

A cancer that is to be treated can be staged according to the
American Joint Committee on Cancer (AJCC) TNM classi-
fication system, where the tumor (T) has been assigned a
stage of TX, T1, Tlmic, T1a, T1b, Tlc, T2, T3, T4, T4a, T4b,
T4c, or T4d; and where the regional lymph nodes (N) have
been assigned a stage of NX, NO, N1, N2, N2a, N2b, N3, N3a,
N3b, or N3c; and where distant metastasis (M) can be
assigned a stage of MX, MO, or M1. A cancer that is to be
treated can be staged according to an American Joint Com-
mittee on Cancer (AJCC) classification as Stage I, Stage I1A,
Stage 1IB, Stage I1IA, Stage 1I1IB, Stage IIIC, or Stage IV. A
cancer that is to be treated can be assigned a grade according
to an AJCC classification as Grade GX (e.g., grade cannot be
assessed), Grade 1, Grade 2, Grade 3 or Grade 4. A cancer that
is to be treated can be staged according to an AJCC pathologic
classification (pN) of pNX, pNO, PNO (I-), PNO (I+), PNO
(mol-), PNO (mol+), PN1, PN1(mi), PN1la, PN1b, PNIc,
pN2, pN2a, pN2b, pN3, pN3a, pN3b, or pN3c.

A cancer that is to be treated can include a tumor that has
been determined to be less than or equal to about 2 centime-
ters in diameter. A cancer that is to be treated can include a
tumor that has been determined to be from about 2 to about 5
centimeters in diameter. A cancer that is to be treated can
include a tumor that has been determined to be greater than or
equal to about 3 centimeters in diameter. A cancer thatis to be
treated can include a tumor that has been determined to be
greater than 5 centimeters in diameter. A cancer that is to be
treated can be classified by microscopic appearance as well
differentiated, moderately differentiated, poorly differenti-
ated, or undifferentiated. A cancer that is to be treated can be
classified by microscopic appearance with respect to mitosis
count (e.g., amount of cell division) or nuclear pleiomor-
phism (e.g., change in cells). A cancer that is to be treated can
be classified by microscopic appearance as being associated
with areas of necrosis (e.g., areas of dying or degenerating
cells). A cancer that is to be treated can be classified as having
an abnormal karyotype, having an abnormal number of chro-
mosomes, or having one or more chromosomes that are
abnormal in appearance. A cancer that is to be treated can be
classified as being aneuploid, triploid, tetraploid, or as having
an altered ploidy. A cancer that is to be treated can be classi-
fied as having a chromosomal translocation, or a deletion or
duplication of an entire chromosome, or a region of deletion,
duplication or amplification of a portion of a chromosome.

A cancer that is to be treated can be evaluated by DNA
cytometry, flow cytometry, or image cytometry. A cancer that
is to be treated can be typed as having 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, or 90% of cells in the synthesis stage
of cell division (e.g., in S phase of cell division). A cancer that
is to be treated can be typed as having a low S-phase fraction
or a high S-phase fraction.

As used herein, a “normal cell” is a cell that cannot be
classified as part of a “cell proliferative disorder”. A normal
cell lacks unregulated or abnormal growth, or both, that can
lead to the development of an unwanted condition or disease.
Preferably, a normal cell possesses normally functioning cell
cycle checkpoint control mechanisms.
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As used herein, “contacting a cell” refers to a condition in
which a compound or other composition of matter is in direct
contact with a cell, or is close enough to induce a desired
biological effect in a cell.

As used herein, “candidate compound” refers to a com-
pound of the present invention, or a pharmaceutically accept-
able salt, prodrug, metabolite, polymorph or solvate thereof,
thathas been or will be tested in one or more in vitro or in vivo
biological assays, in order to determine if that compound is
likely to elicit a desired biological or medical response in a
cell, tissue, system, animal or human that is being sought by
a researcher or clinician. A candidate compound is a com-
pound of the present invention, or a pharmaceutically accept-
able salt, prodrug, metabolite, polymorph or solvate thereof.
The biological or medical response can be the treatment of
cancer. The biological or medical response can be treatment
or prevention of a cell proliferative disorder. In vitro orin vivo
biological assays can include, but are not limited to, enzy-
matic activity assays, electrophoretic mobility shift assays,
reporter gene assays, in vitro cell viability assays, and the
assays described herein.

Asusedherein, “monotherapy” refers to the administration
of'a single active or therapeutic compound to asubjectinneed
thereof. Preferably, monotherapy will involve administration
of a therapeutically effective amount of an single active com-
pound. For example, cancer monotherapy with one of the
compound of the present invention, or a pharmaceutically
acceptable salt, prodrug, metabolite, analog or derivative
thereof, to a subject in need of treatment of cancer. In one
aspect, the single active compound is a compound of the
present invention, or a pharmaceutically acceptable salt, pro-
drug, metabolite, polymorph or solvate thereof.

As used herein, “treating” or “treat” describes the manage-
ment and care of a patient for the purpose of combating a
disease, condition, or disorder and includes the administra-
tion of a compound of the present invention, or a pharmaceu-
tically acceptable salt, prodrug, metabolite, polymorph or
solvate thereof, to alleviate the symptoms or complications of
a disease, condition or disorder, or to eliminate the disease,
condition or disorder.

A compound of the present invention, or a pharmaceuti-
cally acceptable salt, prodrug, metabolite, polymorph or sol-
vate thereof, can also be used to prevent a disease, condition
or disorder. As used herein, “preventing” or “prevent”
describes reducing or eliminating the onset of the symptoms
or complications of the disease, condition or disorder.

As used herein, the term “alleviate” is meant to describe a
process by which the severity of a sign or symptom of a
disorder is decreased. Importantly, a sign or symptom can be
alleviated without being eliminated. In a preferred embodi-
ment, the administration of pharmaceutical compositions of
the invention leads to the elimination of a sign or symptom,
however, elimination is not required. Effective dosages are
expected to decrease the severity of a sign or symptom. For
instance, a sign or symptom of a disorder such as cancer,
which can occur in multiple locations, is alleviated if the
severity of the cancer is decreased within at least one of
multiple locations.

As used herein, the term “severity” is meant to describe the
potential of cancer to transform from a precancerous, or
benign, state into a malignant state. Alternatively, or in addi-
tion, severity is meantto describe a cancer stage, for example,
according to the TNM system (accepted by the International
Union Against Cancer (UICC) and the American Joint Com-
mittee on Cancer (AJCC)) or by other art-recognized meth-
ods. Cancer stage refers to the extent or severity of the cancer,
based on factors such as the location of the primary tumor,



US 9,096,634 B2

199

tumor size, number of tumors, and lymph node involvement
(spread of cancer into lymph nodes). Alternatively, or in addi-
tion, severity is meant to describe the tumor grade by art-
recognized methods (see, National Cancer Institute, www-
.cancer.gov). Tumor grade is a system used to classify cancer
cells in terms of how abnormal they look under a microscope
and how quickly the tumor is likely to grow and spread. Many
factors are considered when determining tumor grade, includ-
ing the structure and growth pattern of the cells. The specific
factors used to determine tumor grade vary with each type of
cancer. Severity also describes a histologic grade, also called
differentiation, which refers to how much the tumor cells
resemble normal cells of the same tissue type (see, National
Cancer Institute, www.cancer.gov). Furthermore, severity
describes a nuclear grade, which refers to the size and shape
of'the nucleus in tumor cells and the percentage of tumor cells
that are dividing (see, National Cancer Institute, www.can-
cer.gov).

In another aspect of the invention, severity describes the
degree to which a tumor has secreted growth factors,
degraded the extracellular matrix, become vascularized, lost
adhesion to juxtaposed tissues, or metastasized. Moreover,
severity describes the number of locations to which a primary
tumor has metastasized. Finally, severity includes the diffi-
culty of treating tumors of varying types and locations. For
example, inoperable tumors, those cancers which have
greater access to multiple body systems (hematological and
immunological tumors), and those which are the most resis-
tant to traditional treatments are considered most severe. In
these situations, prolonging the life expectancy of the subject
and/or reducing pain, decreasing the proportion of cancerous
cells or restricting cells to one system, and improving cancer
stage/tumor grade/histological grade/nuclear grade are con-
sidered alleviating a sign or symptom of the cancer.

As used herein the term “symptom” is defined as an indi-
cation of disease, illness, injury, or that something is not right
in the body. Symptoms are felt or noticed by the individual
experiencing the symptom, but may not easily be noticed by
others. Others are defined as non-health-care professionals.

As used herein the term “sign” is also defined as an indi-
cation that something is not right in the body. But signs are
defined as things that can be seen by a doctor, nurse, or other
health care professional.

Cancer is a group of diseases that may cause almost any
sign or symptom. The signs and symptoms will depend on
where the cancer is, the size of the cancer, and how much it
affects the nearby organs or structures. If a cancer spreads
(metastasizes), then symptoms may appear in different parts
of the body.

As a cancer grows, it begins to push on nearby organs,
blood vessels, and nerves. This pressure creates some of the
signs and symptoms of cancer. If the cancer is in a critical
area, such as certain parts of the brain, even the smallest tumor
can cause early symptoms.

But sometimes cancers start in places where it does not
cause any symptoms until the cancer has grown quite large.
Pancreas cancers, for example, do not usually grow large
enough to be felt from the outside of the body. Some pancre-
atic cancers do not cause symptoms until they begin to grow
around nearby nerves (this causes a backache). Others grow
around the bile duct, which blocks the flow of bile and leads
to a yellowing of the skin known as jaundice. By the time a
pancreatic cancer causes these signs or symptoms, it has
usually reached an advanced stage.

A cancer may also cause symptoms such as fever, fatigue,
or weight loss. This may be because cancer cells use up much
of'the body’s energy supply or release substances that change
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the body’s metabolism. Or the cancer may cause the immune
system to react in ways that produce these symptoms.

Sometimes, cancer cells release substances into the blood-
stream that cause symptoms not usually thought to result
from cancers. For example, some cancers of the pancreas can
release substances which cause blood clots to develop in
veins of the legs. Some lung cancers make hormone-like
substances that affect blood calcium levels, affecting nerves
and muscles and causing weakness and dizziness

Cancer presents several general signs or symptoms that
occur when a variety of subtypes of cancer cells are present.
Most people with cancer will lose weight at some time with
their disease. An unexplained (unintentional) weight loss of
10 pounds or more may be the first sign of cancer, particularly
cancers of the pancreas, stomach, esophagus, or lung.

Fever is very common with cancer, but is more often seen
in advanced disease. Almost all patients with cancer will have
fever at some time, especially if the cancer or its treatment
affects the immune system and makes it harder for the body to
fight infection. Less often, fever may be an early sign of
cancer, such as with leukemia or lymphoma.

Fatigne may be an important symptom as cancer
progresses. It may happen early, though, in cancers such as
with leukemia, or if the cancer is causing an ongoing loss of
blood, as in some colon or stomach cancers.

Pain may be an early symptom with some cancers such as
bone cancers or testicular cancer. But most often pain is a
symptom of advanced disease.

Along with cancers of the skin (see next section), some
internal cancers can cause skin signs that can be seen. These
changes include the skin looking darker (hyperpigmenta-
tion), yellow (jaundice), or red (erythema); itching; or exces-
sive hair growth.

Alternatively, or in addition, cancer subtypes present spe-
cific signs or symptoms. Changes in bowel habits or bladder
function could indicate cancer. L.ong-term constipation, diar-
rhea, or a change in the size of the stool may be a sign of colon
cancer. Pain with urination, blood in the urine, or a change in
bladder function (such as more frequent or less frequent uri-
nation) could be related to bladder or prostate cancer.

Changes in skin condition or appearance of a new skin
condition could indicate cancer. Skin cancers may bleed and
look like sores that do not heal. A long-lasting sore in the
mouth could be an oral cancer, especially in patients who
smoke, chew tobacco, or frequently drink alcohol. Sores on
the penis or vagina may either be signs of infection or an early
cancet.

Unusual bleeding or discharge could indicate cancer.
Unusual bleeding can happen in either early or advanced
cancer. Blood in the sputum (phlegm) may be a sign of lung
cancer. Blood in the stool (or a dark or black stool) could be
a sign of colon or rectal cancer. Cancer of the cervix or the
endometrium (lining of the uterus) can cause vaginal bleed-
ing. Blood in the urine may be a sign of bladder or kidney
cancer. A bloody discharge from the nipple may be a sign of
breast cancer.

A thickening or lump in the breast or in other parts of the
body could indicate the presence of a cancer. Many cancers
can be felt through the skin, mostly in the breast, testicle,
lymph nodes (glands), and the soft tissues of the body. A lump
or thickening may be an early or late sign of cancer. Any lump
or thickening could be indicative of cancer, especially if the
formation is new or has grown in size.

Indigestion or trouble swallowing could indicate cancer.
While these symptoms commonly have other causes, indiges-
tion or swallowing problems may be a sign of cancer of the
esophagus, stomach, or pharynx (throat).
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Recent changes in a wart or mole could be indicative of
cancer. Any wart, mole, or freckle that changes in color, size,
or shape, or loses its definite borders indicates the potential
development of cancer. For example, the skin lesion may be a
melanoma.

A persistent cough or hoarseness could be indicative of
cancer. A cough that does not go away may be a sign of lung
cancer. Hoarseness can be a sign of cancer of the larynx (voice
box) or thyroid.

While the signs and symptoms listed above are the more
common ones seen with cancer, there are many others that are
less common and are not listed here. However, all art-recog-
nized signs and symptoms of cancer are contemplated and
encompassed by the instant invention.

Treating cancer can result in a reduction in size of a tumor.
A reduction in size of a tumor may also be referred to as
“tumor regression”. Preferably, after treatment, tumor size is
reduced by 5% or greater relative to its size prior to treatment;
more preferably, tumor size is reduced by 10% or greater;
more preferably, reduced by 20% or greater; more preferably,
reduced by 30% or greater; more preferably, reduced by 40%
or greater; even more preferably, reduced by 50% or greater;
and most preferably, reduced by greater than 75% or greater.
Size of a tumor may be measured by any reproducible means
of measurement. The size of a tumor may be measured as a
diameter of the tumor.

Treating cancer can result in a reduction in tumor volume.
Preferably, after treatment, tumor volume is reduced by 5% or
greater relative to its size prior to treatment; more preferably,
tumor volume is reduced by 10% or greater; more preferably,
reduced by 20% or greater; more preferably, reduced by 30%
or greater; more preferably, reduced by 40% or greater; even
more preferably, reduced by 50% or greater; and most pref-
erably, reduced by greater than 75% or greater. Tumor volume
may be measured by any reproducible means of measure-
ment.

Treating cancer results in a decrease in number of tumors.
Preferably, after treatment, tumor number is reduced by 5% or
greater relative to number prior to treatment; more preferably,
tumor number is reduced by 10% or greater; more preferably,
reduced by 20% or greater; more preferably, reduced by 30%
or greater; more preferably, reduced by 40% or greater; even
more preferably, reduced by 50% or greater; and most pref-
erably, reduced by greater than 75%. Number of tumors may
be measured by any reproducible means of measurement. The
number of tumors may be measured by counting tumors
visible to the naked eye or at a specified magnification. Pref-
erably, the specified magnification is 2x, 3x, 4%, 5x, 10x, or
50x.

Treating cancer can result in a decrease in number of meta-
static lesions in other tissues or organs distant from the pri-
mary tumor site. Preferably, after treatment, the number of
metastatic lesions is reduced by 5% or greater relative to
number prior to treatment; more preferably, the number of
metastatic lesions is reduced by 10% or greater; more pref-
erably, reduced by 20% or greater; more preferably, reduced
by 30% or greater; more preferably, reduced by 40% or
greater; even more preferably, reduced by 50% or greater; and
most preferably, reduced by greater than 75%. The number of
metastatic lesions may be measured by any reproducible
means of measurement. The number of metastatic lesions
may be measured by counting metastatic lesions visible to the
naked eye or at a specified magnification. Preferably, the
specified magnification is 2x, 3x, 4%, 5x, 10x, or 50x.

Treating cancer canresult in an increase in average survival
time of a population of treated subjects in comparison to a
population receiving carrier alone. Preferably, the average
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survival time is increased by more than 30 days; more pref-
erably, by more than 60 days; more preferably, by more than
90 days; and most preferably, by more than 120 days. An
increase in average survival time of a population may be
measured by any reproducible means. An increase in average
survival time of a population may be measured, for example,
by calculating for a population the average length of survival
following initiation of treatment with an active compound. An
increase in average survival time of a population may also be
measured, for example, by calculating for a population the
average length of survival following completion of a first
round of treatment with an active compound.

Treating cancer can result in an increase in average survival
time of a population of treated subjects in comparison to a
population of untreated subjects. Preferably, the average sur-
vival time is increased by more than 30 days; more preferably,
by more than 60 days; more preferably, by more than 90 days;
and most preferably, by more than 120 days. An increase in
average survival time of a population may be measured by any
reproducible means. An increase in average survival time of a
population may be measured, for example, by calculating for
a population the average length of survival following initia-
tion of treatment with an active compound. An increase in
average survival time of a population may also be measured,
for example, by calculating for a population the average
length of survival following completion of a first round of
treatment with an active compound.

Treating cancer can result in increase in average survival
time of a population of treated subjects in comparison to a
population receiving monotherapy with a drug that is not a
compound of the present invention, or a pharmaceutically
acceptable salt, prodrug, metabolite, analog or derivative
thereof. Preferably, the average survival time is increased by
more than 30 days; more preferably, by more than 60 days;
more preferably, by more than 90 days; and most preferably,
by more than 120 days. An increase in average survival time
of'a population may be measured by any reproducible means.
An increase in average survival time of a population may be
measured, for example, by calculating for a population the
average length of survival following initiation of treatment
with an active compound. An increase in average survival
time of a population may also be measured, for example, by
calculating for a population the average length of survival
following completion of a first round of treatment with an
active compound.

Treating cancer can result in a decrease in the mortality rate
of'a population of treated subjects in comparison to a popu-
lation receiving carrier alone. Treating cancer can result in a
decrease in the mortality rate of a population of treated sub-
jects in comparison to an untreated population. Treating can-
cer can result in a decrease in the mortality rate of a popula-
tion of treated subjects in comparison to a population
receiving monotherapy with a drug that is not a compound of
the present invention, or a pharmaceutically acceptable salt,
prodrug, metabolite, analog or derivative thereof. Preferably,
the mortality rate is decreased by more than 2%; more pref-
erably, by more than 5%; more preferably, by more than 10%;
and most preferably, by more than 25%. A decrease in the
mortality rate of a population of treated subjects may be
measured by any reproducible means. A decrease in the mor-
tality rate of a population may be measured, for example, by
calculating for a population the average number of disease-
related deaths per unit time following initiation of treatment
with an active compound. A decrease in the mortality rate of
a population may also be measured, for example, by calcu-
lating for a population the average number of disease-related
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deaths per unit time following completion of a first round of
treatment with an active compound.

Treating cancer can result in a decrease in tumor growth
rate. Preferably, after treatment, tumor growth rate is reduced
by at least 5% relative to number prior to treatment; more
preferably, tumor growth rate is reduced by at least 10%;
more preferably, reduced by at least 20%; more preferably,
reduced by at least 30%; more preferably, reduced by at least
40%; more preferably, reduced by at least 50%; even more
preferably, reduced by at least 50%; and most preferably,
reduced by at least 75%. Tumor growth rate may be measured
by any reproducible means of measurement. Tumor growth
rate can be measured according to a change in tumor diameter
per unit time.

Treating cancer can result in a decrease in tumor regrowth.
Preferably, after treatment, tumor regrowth is less than 5%;
more preferably, tumor regrowth is less than 10%; more pref-
erably, less than 20%; more preferably, less than 30%; more
preferably, less than 40%; more preferably, less than 50%;
even more preferably, less than 50%; and most preferably,
less than 75%. Tumor regrowth may be measured by any
reproducible means of measurement. Tumor regrowth is mea-
sured, for example, by measuring an increase in the diameter
of'a tumor after a prior tumor shrinkage that followed treat-
ment. A decrease in tumor regrowth is indicated by failure of
tumors to reoccur after treatment has stopped.

Treating or preventing a cell proliferative disorder can
result in a reduction in the rate of cellular proliferation. Pref-
erably, after treatment, the rate of cellular proliferation is
reduced by at least 5%; more preferably, by at least 10%;
more preferably, by at least 20%; more preferably, by at least
30%; more preferably, by at least 40%; more preferably, by at
least 50%; even more preferably, by at least 50%; and most
preferably, by at least 75%. The rate of cellular proliferation
may be measured by any reproducible means of measure-
ment. The rate of cellular proliferation is measured, for
example, by measuring the number of dividing cells in a
tissue sample per unit time.

Treating or preventing a cell proliferative disorder can
result in a reduction in the proportion of proliferating cells.
Preferably, after treatment, the proportion of proliferating
cells is reduced by at least 5%; more preferably, by at least
10%; more preferably, by at least 20%; more preferably, by at
least 30%; more preferably, by at least 40%; more preferably,
by at least 50%; even more preferably, by at least 50%; and
most preferably, by at least 75%. The proportion of prolifer-
ating cells may be measured by any reproducible means of
measurement. Preferably, the proportion of proliferating cells
is measured, for example, by quantifying the number of divid-
ing cells relative to the number of nondividing cells in a tissue
sample. The proportion of proliferating cells can be equiva-
lent to the mitotic index.

Treating or preventing a cell proliferative disorder can
result in a decrease in size of an area or zone of cellular
proliferation. Preferably, after treatment, size of an area or
zone of cellular proliferation is reduced by at least 5% relative
to its size prior to treatment; more preferably, reduced by at
least 10%; more preferably, reduced by at least 20%; more
preferably, reduced by at least 30%; more preferably, reduced
by at least 40%; more preferably, reduced by at least 50%;
even more preferably, reduced by at least 50%; and most
preferably, reduced by at least 75%. Size of an area or zone of
cellular proliferation may be measured by any reproducible
means of measurement. The size of an area or zone of cellular
proliferation may be measured as a diameter or width of an
area or zone of cellular proliferation.
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Treating or preventing a cell proliferative disorder can
result in a decrease in the number or proportion of cells
having an abnormal appearance or morphology. Preferably,
after treatment, the number of cells having an abnormal mor-
phology is reduced by at least 5% relative to its size prior to
treatment; more preferably, reduced by at least 10%; more
preferably, reduced by at least 20%; more preferably, reduced
by at least 30%; more preferably, reduced by at least 40%;
more preferably, reduced by at least 50%; even more prefer-
ably, reduced by at least 50%; and most preferably, reduced
by atleast 75%. An abnormal cellular appearance or morphol-
ogy may be measured by any reproducible means of measure-
ment. An abnormal cellular morphology can be measured by
microscopy, e.g., using an inverted tissue culture microscope.
An abnormal cellular morphology can take the form of
nuclear pleiomorphism.

As used herein, the term “selectively” means tending to
occur at a higher frequency in one population than in another
population. The compared populations can be cell popula-
tions. Preferably, a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite, poly-
morph or solvate thereof, acts selectively on a cancer or
precancerous cell but not on a normal cell. Preferably, a
compound of the present invention, or a pharmaceutically
acceptable salt, prodrug, metabolite, polymorph or solvate
thereof, acts selectively to modulate one molecular target
(e.g., a target protein methyltransferase) but does not signifi-
cantly modulate another molecular target (e.g., a non-target
protein methyltransferase). The invention also provides a
method for selectively inhibiting the activity of an enzyme,
such as a protein methyltransferase. Preferably, an event
occurs selectively in population A relative to population B if
it occurs greater than two times more frequently in population
A as compared to population B. An event occurs selectively if
it occurs greater than five times more frequently in population
A. An event occurs selectively if it occurs greater than ten
times more frequently in population A; more preferably,
greater than fifty times; even more preferably, greater than
100 times; and most preferably, greater than 1000 times more
frequently in population A as compared to population B. For
example, cell death would be said to occur selectively in
cancer cells if it occurred greater than twice as frequently in
cancer cells as compared to normal cells.

A compound of the present invention, or a pharmaceuti-
cally acceptable salt, prodrug, metabolite, polymorph or sol-
vate thereof, can modulate the activity of a molecular target
(e.g., a target protein methyltransferase). Modulating refers
to stimulating or inhibiting an activity of a molecular target.
Preferably, a compound of the present invention, or a phar-
maceutically acceptable salt, prodrug, metabolite, polymorph
or solvate thereof, modulates the activity of a molecular target
if it stimulates or inhibits the activity of the molecular target
by at least 2-fold relative to the activity of the molecular target
under the same conditions but lacking only the presence of
said compound. More preferably, a compound of the present
invention, or a pharmaceutically acceptable salt, prodrug,
metabolite, polymorph or solvate thereof, modulates the
activity of a molecular target if it stimulates or inhibits the
activity of the molecular target by at least 5-fold, at least
10-fold, at least 20-fold, at least 50-fold, at least 100-fold
relative to the activity of the molecular target under the same
conditions but lacking only the presence of said compound.
The activity of a molecular target may be measured by any
reproducible means. The activity of amolecular target may be
measured in vitro or in vivo. For example, the activity of a
molecular target may be measured in vitro by an enzymatic
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activity assay or a DNA binding assay, or the activity of a
molecular target may be measured in vivo by assaying for
expression of a reporter gene.

A compound of the present invention, or a pharmaceuti-
cally acceptable salt, prodrug, metabolite, polymorph or sol-
vate thereof, does not significantly modulate the activity of'a
molecular target if the addition of the compound does not
stimulate or inhibit the activity of the molecular target by
greater than 10% relative to the activity of the molecular
target under the same conditions but lacking only the pres-
ence of said compound.

As used herein, the term “isozyme selective” means pref-
erential inhibition or stimulation of a first isoform of an
enzyme in comparison to a second isoform of an enzyme
(e.g., preferential inhibition or stimulation of a protein meth-
yltransterase isozyme alpha in comparison to a protein meth-
yltransterase isozyme beta). Preferably, a compound of the
present invention,
or a pharmaceutically acceptable salt, prodrug, metabolite,
polymorph or solvate thereof, demonstrates a minimum of a
fourfold differential, preferably a tenfold differential, more
preferably a fifty fold differential, in the dosage required to
achieve a biological effect. Preferably, a compound of the
present invention, or a pharmaceutically acceptable salt, pro-
drug, metabolite, polymorph or solvate thereof, demonstrates
this differential across the range of inhibition, and the differ-
ential is exemplified at the ICs, i.e., 2 50% inhibition, for a
molecular target of interest.

Administering a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite, poly-
morph or solvate thereof, to a cell or a subject in need thereof
can result in modulation (i.e., stimulation or inhibition) of an
activity of a protein methyltransferase of interest.

The present invention provides methods to assess biologi-
cal activity of a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite, poly-
morph or solvate thereof or methods of identifying a test
compound as a modulator (e.g., an inhibitor) of DOTI1L.
DOT1L polypeptides and nucleic acids can be used to screen
for compounds that bind to and/or modulate (e.g., increase or
decrease) one or more biological activities of DOT1L, includ-
ing but not limited to H3K79 HMTase activity, SAM binding
activity, histone and/or nucleosome binding activity, AF10
binding activity, AF10-MLL or other MLL fusion protein
binding activity, and/or any other biological activity of inter-
est. A DOT1L polypeptide can be a functional fragment of a
full-length DOTIL polypeptide or functional equivalent
thereof, and may comprise any DOT1 domain of interest,
including but not limited to the catalytic domain, the SAM
binding domain and/or the positively charged domain, the
AF10 interaction domain and/or a nuclear export signal.

Methods of assessing DOT1L binding to histones, nucleo-
somes, nucleic acids or polypeptides can be carried out using
standard techniques that will be apparent to those skilled in
the art (see the Exemplification for exemplary methods).
Such methods include yeast and mammalian two-hybrid
assays and co-immunoprecipitation techniques.

For example, a compound that modulates DOT1L H3K79
HMTase activity can be verified by: contacting a DOTIL
polypeptide with a histone or peptide substrate comprising
H3 in the presence of a test compound; detecting the level of
H3K79 methylation of the histone or peptide substrate under
conditions sufficient to provide H3K79 methylation, wherein
an elevation or reduction in H3K79 methylation in the pres-
ence of the test compound as compared with the level of
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histone H3K79 methylation in the absence of the test com-
pound indicates that the test compound modulates DOT1L
H3K79 HMTase activity.

The screening methods of the invention can be carried out
inacell-based or cell-free system. As a further alternative, the
assay can be performed in a whole animal (including trans-
genic non-human animals). Further, with respect to cell-
based systems, the DOTIL polypeptide (or any other
polypeptide used in the assay) can be added directly to the cell
or can be produced from a nucleic acid in the cell. The nucleic
acid can be endogenous to the cell or can be foreign (e.g., a
genetically modified cell).

In some assays, immunological reagents, e.g., antibodies
and antigens, are employed. Fluorescence can be utilized in
the measurement of enzymatic activity in some assays. As
used herein, “fluorescence” refers to a process through which
a molecule emits a photon as a result of absorbing an incom-
ing photon of higher energy by the same molecule. Specific
methods for assessing the biological activity of the disclosed
compounds are described in the examples.

Administering a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite, poly-
morph or solvate thereof, to a cell or a subject in need thereof
results in modulation (i.e., stimulation or inhibition) of an
activity of an intracellular target (e.g., substrate). Several
intracellular targets can be modulated with the compounds of
the present invention, including, but not limited to, protein
methyltrasferase.

Activating refers to placing a composition of matter (e.g.,
protein or nucleic acid) in a state suitable for carrying out a
desired biological function. A composition of matter capable
of being activated also has an unactivated state. An activated
composition of matter may have an inhibitory or stimulatory
biological function, or both.

Elevation refers to an increase in a desired biological activ-
ity of a composition of matter (e.g., a protein or a nucleic
acid). Elevation may occur through an increase in concentra-
tion of a composition of matter.

As used herein, “a cell cycle checkpoint pathway” refers to
abiochemical pathway that is involved in modulation ofa cell
cycle checkpoint. A cell cycle checkpoint pathway may have
stimulatory or inhibitory effects, or both, on one or more
functions comprising a cell cycle checkpoint. A cell cycle
checkpoint pathway is comprised of at least two composi-
tions of matter, preferably proteins, both of which contribute
to modulation of a cell cycle checkpoint. A cell cycle check-
point pathway may be activated through an activation of one
or more members of the cell cycle checkpoint pathway. Pref-
erably, a cell cycle checkpoint pathway is a biochemical
signaling pathway.

As used herein, “cell cycle checkpoint regulator” refers to
a composition of matter that can function, at least in part, in
modulation of a cell cycle checkpoint. A cell cycle checkpoint
regulator may have stimulatory or inhibitory effects, or both,
on one or more functions comprising a cell cycle checkpoint.
A cell cycle checkpoint regulator can be a protein or not a
protein.

Treating cancer or a cell proliferative disorder can result in
cell death, and preferably, cell death results in a decrease of at
least 10% in number of cells in a population. More preferably,
cell death means a decrease of at least 20%; more preferably,
a decrease of at least 30%; more preferably, a decrease of at
least 40%; more preferably, a decrease of at least 50%; most
preferably, a decrease of at least 75%. Number of cells in a
population may be measured by any reproducible means. A
number of cells in a population can be measured by fluores-
cence activated cell sorting (FACS), immunofluorescence
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microscopy and light microscopy. Methods of measuring cell
death are as shown in Li et al., Proc Natl Acad Sci USA.
100(5): 2674-8, 2003. In an aspect, cell death occurs by
apoptosis.

Preferably, an effective amount of a compound of the
present invention, or a pharmaceutically acceptable salt, pro-
drug, metabolite, polymorph or solvate thereof, is not signifi-
cantly cytotoxic to normal cells. A therapeutically effective
amount of a compound is not significantly cytotoxic to nor-
mal cells if administration of the compound in a therapeuti-
cally effective amount does not induce cell death in greater
than 10% of normal cells. A therapeutically effective amount
of' a compound does not significantly affect the viability of
normal cells if administration of the compound in a therapeu-
tically effective amount does not induce cell death in greater
than 10% of normal cells. In an aspect, cell death occurs by
apoptosis.

Contacting a cell with a compound of the present invention,
or a pharmaceutically acceptable salt, prodrug, metabolite,
polymorph or solvate thereof, can induce or activate cell
death selectively in cancer cells. Administering to a subject in
need thereof a compound of the present invention, or a phar-
maceutically acceptable salt, prodrug, metabolite, polymorph
or solvate thereof, can induce or activate cell death selectively
in cancer cells. Contacting a cell with a compound of the
present invention, or a pharmaceutically acceptable salt, pro-
drug, metabolite, polymorph or solvate thereof, can induce
cell death selectively in one or more cells affected by a cell
proliferative disorder. Preferably, administering to a subject
in need thereof a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite, poly-
morph or solvate thereof, induces cell death selectively in one
or more cells affected by a cell proliferative disorder.

The present invention relates to a method of treating or
preventing cancer by administering a compound of the
present invention, or a pharmaceutically acceptable salt, pro-
drug, metabolite, polymorph or solvate thereof, to a subjectin
need thereof, where administration of the compound of the
present invention, or a pharmaceutically acceptable salt, pro-
drug, metabolite, polymorph or solvate thereof, results in one
or more of the following: accumulation of cells in G1 and/or
S phase of the cell cycle, cytotoxicity via cell death in cancer
cells without a significant amount of cell death in normal
cells, antitumor activity in animals with a therapeutic index of
at least 2, and activation of a cell cycle checkpoint. As used
herein, “therapeutic index” is the maximum tolerated dose
divided by the efficacious dose.

One skilled in the art may refer to general reference texts
for detailed descriptions of known techniques discussed
herein or equivalent techniques. These texts include Ausubel
et al., Current Protocols in Molecular Biology, John Wiley
and Sons, Inc. (2005); Sambrook et al., Molecular Cloning, A
Laboratory Manual (3™ edition), Cold Spring Harbor Press,
Cold Spring Harbor, N.Y. (2000); Coligan et al., Current
Protocols in Immunology, John Wiley & Sons, N.Y.; Enna et
al., Current Protocols in Pharmacology, John Wiley & Sons,
N.Y.; Fingl et al., The Pharmacological Basis of Therapeutics
(1975), Remington’s Pharmaceutical Sciences, Mack Pub-
lishing Co., Easton, Pa., 187 edition (1990). These texts can,
of course, also be referred to in making or using an aspect of
the invention

The compounds of the instant invention can also be utilized
to treat or prevent neurologic diseases or disorders. Neuro-
logic diseases or disorders that may be treated with the com-
pounds of this invention include epilepsy, schizophrenia,
bipolar disorder or other psychological and/or psychiatric
disorders, neuropathies, skeletal muscle atrophy, and neuro-
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degenerative diseases, e.g., a neurodegenerative disease.
Exemplary neurodegenerative diseases include: Alzheimer’s,
Amyotrophic Lateral Sclerosis (ALS), and Parkinson’s dis-
ease. Another class of neurodegenerative diseases includes
diseases caused at least in part by aggregation of poly-
glutamine. Diseases of this class include: Huntington’s Dis-
eases, Spinalbulbar Muscular Atrophy (SBMA or Kennedy’s
Disease) Dentatorubropallidoluysian Atrophy (DRPLA),
Spinocerebellar Ataxia 1 (SCA1), Spinocerebellar Ataxia 2
(SCA2), Machado-Joseph Disease (MJD; SCA3), Spinocer-
ebellar Ataxia 6 (SCAG6), Spinocerebellar Ataxia 7 (SCAT),
and Spinocerebellar Ataxia 12 (SCA12).

Any other disease in which epigenetic methylation, which
is mediated by DOT1, plays a role may be treatable or pre-
ventable using compounds and methods described herein.

4. PHARMACEUTICAL COMPOSITIONS

The present invention also provides pharmaceutical com-
positions comprising a compound of Formulae (1), (1), (I11a),
(IIIb), (Illc) and (IV) in combination with at least one phar-
maceutically acceptable excipient or carrier.

A “pharmaceutical composition” is a formulation contain-
ing the compounds of the present invention in a form suitable
for administration to a subject. In one embodiment, the phar-
maceutical composition is in bulk or in unit dosage form. The
unit dosage form is any of a variety of forms, including, for
example, a capsule, an [V bag, a tablet, a single pump on an
aerosol inhaler or a vial. The quantity of active ingredient
(e.g., a formulation of the disclosed compound or salt,
hydrate, solvate or isomer thereof) in a unit dose of compo-
sition is an effective amount and is varied according to the
particular treatment involved. One skilled in the art will
appreciate that it is sometimes necessary to make routine
variations to the dosage depending on the age and condition
of the patient. The dosage will also depend on the route of
administration. A variety of routes are contemplated, includ-
ing oral, pulmonary, rectal, parenteral, transdermal, subcuta-
neous, intravenous, intramuscular, intraperitoneal, inhala-
tional, buccal, sublingual, intrapleural, intrathecal, intranasal,
and the like. Dosage forms for the topical or transdermal
administration of a compound of this invention include pow-
ders, sprays, ointments, pastes, creams, lotions, gels, solu-
tions, patches and inhalants. In one embodiment, the active
compound is mixed under sterile conditions with a pharma-
ceutically acceptable carrier, and with any preservatives,
buffers, or propellants that are required.

As used herein, the phrase “pharmaceutically acceptable”
refers to those compounds, materials, compositions, carriers,
and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues
of human beings and animals without excessive toxicity, irri-
tation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

“Pharmaceutically acceptable excipient” means an excipi-
ent that is useful in preparing a pharmaceutical composition
that is generally safe, non-toxic and neither biologically nor
otherwise undesirable, and includes excipient that is accept-
able for veterinary use as well as human pharmaceutical use.
A “pharmaceutically acceptable excipient” as used in the
specification and claims includes both one and more than one
such excipient.

A pharmaceutical composition of the invention is formu-
lated to be compatible with its intended route of administra-
tion. Examples of routes of administration include parenteral,
e.g., intravenous, intradermal, subcutaneous, oral (e.g., inha-
lation), transdermal (topical), and transmucosal administra-
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tion. Solutions or suspensions used for parenteral, intrader-
mal, or subcutaneous application can include the following
components: a sterile diluent such as water for injection,
saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxi-
dants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediaminetetraacetic acid; buffers such
as acetates, citrates or phosphates, and agents for the adjust-
ment of tonicity such as sodium chloride or dextrose. The pH
can be adjusted with acids or bases, such as hydrochloric acid
or sodium hydroxide. The parenteral preparation can be
enclosed in ampoules, disposable syringes or multiple dose
vials made of glass or plastic.

A compound or pharmaceutical composition of the inven-
tion can be administered to a subject in many of the well-
known methods currently used for chemotherapeutic treat-
ment. For example, for treatment of cancers, a compound of
the invention may be injected directly into tumors, injected
into the blood stream or body cavities or taken orally or
applied through the skin with patches. The dose chosen
should be sufficient to constitute effective treatment but notas
high as to cause unacceptable side effects. The state of the
disease condition (e.g., cancer, precancer, and the like) and
the health of the patient should preferably be closely moni-
tored during and for a reasonable period after treatment.

The term “therapeutically effective amount”, as used
herein, refers to an amount of a pharmaceutical agent to treat,
ameliorate, or prevent an identified disease or condition, or to
exhibit a detectable therapeutic or inhibitory effect. The effect
can be detected by any assay method known in the art. The
precise effective amount for a subject will depend upon the
subject’s body weight, size, and health; the nature and extent
of the condition; and the therapeutic selected for administra-
tion. Therapeutically effective amounts for a given situation
can be determined by routine experimentation that is within
the skill and judgment of the clinician. In a preferred aspect,
the disease or condition to be treated is cancer. In another
aspect, the disease or condition to be treated is a cell prolif-
erative disorder.

For any compound, the therapeutically effective amount
can be estimated initially either in cell culture assays, e.g., of
neoplastic cells, or in animal models, usually rats, mice, rab-
bits, dogs, or pigs. The animal model may also be used to
determine the appropriate concentration range and route of
administration. Such information can then be used to deter-
mine useful doses and routes for administration in humans.
Therapeutic/prophylactic efficacy and toxicity may be deter-
mined by standard pharmaceutical procedures in cell cultures
or experimental animals, e.g., EDs, (the dose therapeutically
effective in 50% of the population) and LD, (the dose lethal
to 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index, and it can be
expressed as the ratio, LD,/ED,. Pharmaceutical composi-
tions that exhibit large therapeutic indices are preferred. The
dosage may vary within this range depending upon the dosage
form employed, sensitivity of the patient, and the route of
administration.

Dosage and administration are adjusted to provide suffi-
cient levels of the active agent(s) or to maintain the desired
effect. Factors which may be taken into account include the
severity of the disease state, general health of the subject, age,
weight, and gender of the subject, diet, time and frequency of
administration, drug interaction(s), reaction sensitivities, and
tolerance/response to therapy. Long-acting pharmaceutical
compositions may be administered every 3 to 4 days, every
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week, or once every two weeks depending on half-life and
clearance rate of the particular formulation.

The pharmaceutical compositions containing active com-
pounds of the present invention may be manufactured in a
manner that is generally known, e.g., by means of conven-
tional mixing, dissolving, granulating, dragee-making, levi-
gating, emulsifying, encapsulating, entrapping, or lyophiliz-
ing processes. Pharmaceutical compositions may be
formulated in a conventional manner using one or more phar-
maceutically acceptable carriers comprising excipients and/
or auxiliaries that facilitate processing of the active com-
pounds into preparations that can be used pharmaceutically.
Of course, the appropriate formulation is dependent upon the
route of administration chosen.

Pharmaceutical compositions suitable for injectable use
include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physi-
ological saline, bacteriostatic water, Cremophor EL™
(BASF, Parsippany, N.J.) or phosphate buffered saline (PBS).
In all cases, the composition must be sterile and should be
fluid to the extent that easy syringeability exists. It must be
stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of micro-
organisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol, and
liquid polyethylene glycol, and the like), and suitable mix-
tures thereof. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dis-
persion and by the use of surfactants. Prevention of the action
of microorganisms can be achieved by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example,
sugars, polyalcohols such as manitol and sorbitol, and sodium
chloride in the composition. Prolonged absorption of the
injectable compositions can be brought about by including in
the composition an agent which delays absorption, for
example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporat-
ing the active compound in the required amount in an appro-
priate solvent with one or a combination of ingredients enu-
merated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the
active compound into a sterile vehicle that contains a basic
dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, methods of prepa-
ration are vacuum drying and freeze-drying that yields a
powder of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an
edible pharmaceutically acceptable carrier. They can be
enclosed in gelatin capsules or compressed into tablets. For
the purpose of oral therapeutic administration, the active
compound can be incorporated with excipients and used in
the form of tablets, troches, or capsules. Oral compositions
can also be prepared using a fluid carrier for use as a mouth-
wash, wherein the compound in the fluid carrier is applied
orally and swished and expectorated or swallowed. Pharma-
ceutically compatible binding agents, and/or adjuvant mate-
rials can be included as part of the composition. The tablets,
pills, capsules, troches and the like can contain any of the
following ingredients, or compounds of a similar nature: a
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binder such as microcrystalline cellulose, gum tragacanth or
gelatin; an excipient such as starch or lactose, a disintegrating
agent such as alginic acid, Primogel, or corn starch; a lubri-
cant such as magnesium stearate or Sterotes; a glidant such as
colloidal silicon dioxide; a sweetening agent such as sucrose
or saccharin; or a flavoring agent such as peppermint, methyl
salicylate, or orange flavoring.

For administration by inhalation, the compounds are deliv-
ered in the form of an aerosol spray from pressured container
or dispenser, which contains a suitable propellant, e.g., a gas
such as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or
transdermal means. For transmucosal or transdermal admin-
istration, penetrants appropriate to the barrier to be permeated
are used in the formulation. Such penetrants are generally
known in the art, and include, for example, for transmucosal
administration, detergents, bile salts, and fusidic acid deriva-
tives. Transmucosal administration can be accomplished
through the use of nasal sprays or suppositories. For trans-
dermal administration, the active compounds are formulated
into ointments, salves, gels, or creams as generally known in
the art.

The active compounds can be prepared with pharmaceuti-
cally acceptable carriers that will protect the compound
against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsu-
lated delivery systems. Biodegradable, biocompatible poly-
mers can be used, such as ethylene vinyl acetate, polyanhy-
drides, polyglycolic acid, collagen, polyorthoesters, and
polylactic acid. Methods for preparation of such formulations
will be apparent to those skilled in the art. The materials can
also be obtained commercially from Alza Corporation and
Nova Pharmaceuticals, Inc. Liposomal suspensions (includ-
ing liposomes targeted to infected cells with monoclonal
antibodies to viral antigens) can also be used as pharmaceu-
tically acceptable carriers. These can be prepared according
to methods known to those skilled in the art, for example, as
described in U.S. Pat. No. 4,522,811.

Itis especially advantageous to formulate oral or parenteral
compositions in dosage unit form for ease of administration
and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for
the subject to be treated; each unit containing a predetermined
quantity of active compound calculated to produce the
desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit
forms of the invention are dictated by and directly dependent
on the unique characteristics of the active compound and the
particular therapeutic effect to be achieved.

In therapeutic applications, the dosages of the pharmaceu-
tical compositions used in accordance with the invention vary
depending on the agent, the age, weight, and clinical condi-
tion of the recipient patient, and the experience and judgment
of the clinician or practitioner administering the therapy,
among other factors affecting the selected dosage. Generally,
the dose should be sufficient to result in slowing, and prefer-
ably regressing, the growth of the tumors and also preferably
causing complete regression of the cancer. Dosages can range
from about 0.01 mg/kg per day to about 5000 mg/kg per day.
In preferred aspects, dosages can range from about 1 mg/kg
per day to about 1000 mg/kg per day. In an aspect, the dose
will be in the range of about 0.1 mg/day to about 50 g/day;
about 0.1 mg/day to about 25 g/day; about 0.1 mg/day to
about 10 g/day; about 0.1 mg to about 3 g/day; or about 0.1
mg to about 1 g/day, in single, divided, or continuous doses
(which dose may be adjusted for the patient’s weight in kg,
body surface area in m*, and age in years). An effective
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amount of a pharmaceutical agent is that which provides an
objectively identifiable improvement as noted by the clinician
or other qualified observer. For example, regression of a
tumor in a patient may be measured with reference to the
diameter of a tumor. Decrease in the diameter of a tumor
indicates regression. Regression is also indicated by failure of
tumors to reoccur after treatment has stopped. As used herein,
the term “dosage effective manner” refers to amount of an
active compound to produce the desired biological effectina
subject or cell.

The pharmaceutical compositions can be included in a
container, pack, or dispenser together with instructions for
administration.

The compounds of the present invention are capable of
further forming salts. All of these forms are also contemplated
within the scope of the claimed invention.

As used herein, “pharmaceutically acceptable salts” refer
to derivatives of the compounds of the present invention
wherein the parent compound is modified by making acid or
base salts thereof. Examples of pharmaceutically acceptable
salts include, but are not limited to, mineral or organic acid
salts of basic residues such as amines, alkali or organic salts of
acidic residues such as carboxylic acids, and the like. The
pharmaceutically acceptable salts include the conventional
non-toxic salts or the quaternary ammonium salts of the par-
ent compound formed, for example, from non-toxic inorganic
or organic acids. For example, such conventional non-toxic
salts include, but are not limited to, those derived from inor-
ganic and organic acids selected from 2-acetoxybenzoic,
2-hydroxyethane sulfonic, acetic, ascorbic, benzene sulfonic,
benzoic, bicarbonic, carbonic, citric, edetic, ethane disul-
fonic, 1,2-ethane sulfonic, fumaric, glucoheptonic, gluconic,
glutamic, glycolic, glycollyarsanilic, hexylresorcinic, hydra-
bamic, hydrobromic, hydrochloric, hydroiodic, hydroxyrna-
leic, hydroxynaphthoic, isethionic, lactic, lactobionic, lauryl
sulfonic, maleic, malic, mandelic, methane sulfonic, nap-
sylic, nitric, oxalic, pamoic, pantothenic, phenylacetic, phos-
phoric, polygalacturonic, propionic, salicyclic, stearic, sub-
acetic, succinic, sulfamic, sulfanilic, sulfuric, tannic, tartaric,
toluene sulfonic, and the commonly occurring amine acids,
e.g., glycine, alanine, phenylalanine, arginine, etc.

Other examples of pharmaceutically acceptable salts
include hexanoic acid, cyclopentane propionic acid, pyruvic
acid, malonic acid, 3-(4-hydroxybenzoyl)benzoic acid, cin-
namic acid, 4-chlorobenzenesulfonic acid, 2-naphthalene-
sulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid,
4-methylbicyclo-[2.2.2]-oct-2-ene- 1 -carboxylic acid, 3-phe-
nylpropionic acid, trimethylacetic acid, tertiary butylacetic
acid, muconic acid, and the like. The present invention also
encompasses salts formed when an acidic proton present in
the parent compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine,
diethanolamine, triethanolamine, tromethamine, N-methyl-
glucamine, and the like.

It should be understood that all references to pharmaceu-
tically acceptable salts include solvent addition forms (sol-
vates) or crystal forms (polymorphs) as defined herein, of the
same salt.

The compounds of the present invention can also be pre-
pared as esters, for example, pharmaceutically acceptable
esters. For example, a carboxylic acid function group in a
compound can be converted to its corresponding ester, e.g., a
methyl, ethyl or other ester. Also, an alcohol group in a
compound can be converted to its corresponding ester, e.g.,
acetate, propionate or other ester.
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The compounds of the present invention can also be pre-
pared as prodrugs, for example, pharmaceutically acceptable
prodrugs. The terms “pro-drug” and “prodrug” are used inter-
changeably herein and refer to any compound which releases
an active parent drug in vivo. Since prodrugs are known to
enhance numerous desirable qualities of pharmaceuticals
(e.g., solubility, bioavailability, manufacturing, etc.), the
compounds of the present invention can be delivered in pro-
drug form. Thus, the present invention is intended to cover
prodrugs of the presently claimed compounds, methods of
delivering the same and compositions containing the same.
“Prodrugs” are intended to include any covalently bonded
carriers that release an active parent drug of the present inven-
tion in vivo when such prodrug is administered to a subject.
Prodrugs in the present invention are prepared by modifying
functional groups present in the compound in such a way that
the modifications are cleaved, either in routine manipulation
or in vivo, to the parent compound. Prodrugs include com-
pounds of the present invention wherein a hydroxy, amino,
sulthydryl, carboxy or carbonyl group is bonded to any group
that may be cleaved in vivo to form a free hydroxyl, free
amino, free sulthydryl, free carboxy or free carbonyl group,
respectively.

Examples of prodrugs include, but are not limited to, esters
(e.g., acetate, dialkylaminoacetates, formates, phosphates,
sulfates and benzoate derivatives) and carbamates (e.g., N,N-
dimethylaminocarbonyl) of hydroxy functional groups,
esters (e.g., ethyl esters, morpholinoethanol esters) of car-
boxyl functional groups, N-acyl derivatives (e.g., N-acetyl)
N-Mannich bases, Schiff bases and enaminones of amino
functional groups, oximes, acetals, ketals and enol esters of
ketone and aldehyde functional groups in compounds of the
invention, and the like, See Bundegaard, H., Design of Pro-
drugs, p 1-92, Elesevier, New York-Oxford (1985).

The compounds, or pharmaceutically acceptable salts,
esters or prodrugs thereof, are administered orally, nasally,
transdermally, pulmonary, inhalationally, buccally, sublin-
gually, intraperintoneally, subcutaneously, intramuscularly,
intravenously, rectally, intrapleurally, intrathecally and
parenterally. In one embodiment, the compound is adminis-
tered orally. One skilled in the art will recognize the advan-
tages of certain routes of administration.

The dosage regimen utilizing the compounds is selected in
accordance with a variety of factors including type, species,
age, weight, sex and medical condition of the patient; the
severity of the condition to be treated; the route of adminis-
tration; the renal and hepatic function of the patient; and the
particular compound or salt thereof employed. An ordinarily
skilled physician or veterinarian can readily determine and
prescribe the effective amount of the drug required to prevent,
counter, or arrest the progress of the condition.

Techniques for formulation and administration of the dis-
closed compounds of the invention can be found in Reming-
ton: the Science and Practice of Pharmacy, 197 edition,
Mack Publishing Co., Easton, Pa. (1995). In an embodiment,
the compounds described herein, and the pharmaceutically
acceptable salts thereof, are used in pharmaceutical prepara-
tions in combination with a pharmaceutically acceptable car-
rier or diluent. Suitable pharmaceutically acceptable carriers
include inert solid fillers or diluents and sterile aqueous or
organic solutions. The compounds will be present in such
pharmaceutical compositions in amounts sufficient to pro-
vide the desired dosage amount in the range described herein.

All percentages and ratios used herein, unless otherwise
indicated, are by weight. Other features and advantages of the
present invention are apparent from the different examples.
The provided examples illustrate different components and
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methodology useful in practicing the present invention. The
examples do not limit the claimed invention. Based on the
present disclosure the skilled artisan can identify and employ
other components and methodology useful for practicing the
present invention.

In the synthetic schemes described herein, compounds
may be drawn with one particular configuration for simplic-
ity. Such particular configurations are not to be construed as
limiting the invention to one or another isomer, tautomer,
regioisomer or stereoisomer, nor does it exclude mixtures of
isomers, tautorners, regioisomers or stereoisomers.

Compounds described herein are assayed for modulation
of activity, for example, histone methylation, modulation of
cell growth and/or IC,,, described in the examples below.
1C4,, values are presented as A=<0.1 uM; B=>0.1 uM and <1
uM; C=>1 uM and <10 uM; and D=>10 uM and <50 pM.

DOTIL

ICs0

Compound (uM)
2 0.00074
3 0.00073
5 0.00059
69 0.00251
75 0.00059
86 0.00062

87 0.0008
91 0.00218
93 0.00292

All publications and patent documents cited herein are
incorporated herein by reference as if each such publication
or document was specifically and individually indicated to be
incorporated herein by reference. Citation of publications and
patent documents is not intended as an admission that any is
pertinent prior art, nor does it constitute any admission as to
the contents or date of the same. The invention having now
been described by way of written description, those of skill in
the art will recognize that the invention can be practiced in a
variety of embodiments and that the foregoing description
and examples below are for purposes of illustration and not
limitation of the claims that follow.

5. EXAMPLES

Nuclear magnetic resonance (NMR) spectra were obtained
on a Bruker Avance 400 operating at a field strength of
400.130 MHz or a Bruker DRX 500 MHz NMR or HNMR
spectra were obtained on a 500 MHz Bruker AVANCE 111
spectrometer. Common reaction solvents were either high
performance liquid chromatography (HPL.C) grade or Ameri-
can Chemical Society (ACS) grade, and anhydrous as
obtained from the manufacturer unless otherwise noted.
LCMS was performed on a Waters Micromass ZMD with a
Waters 2795 Separations Module and Waters 996 photodiode
array detector and a Waters Micromass ZQ with a Waters
2695 Separations Module and Waters 996 photodiode array
detector or a Waters Micromass Platform [.CZ single quadru-
pole mass spectrometer with a Waters 600 solvent delivery
module, Waters 515 ancillary pumps, Waters 2487 UV detec-
tor and a Gilson 215 autosampler and fraction collector. Or,
LCMS analysis was performed using SQ mass spectrometer
coupled to AGILENT 1200 Series HPL.C. LCMS data, where
available, are provided in the examples below as well as in
Table 1. The MS data are provided using the convention for
m/z in the format, [M+H]*.
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The compounds of the present invention can be prepared
using known chemical transformations adapted to the par-
ticular situation at hand.

Preparative Example 1
Starting Materials or Intermediates

Step 1: (1R,28,3R,5R)-3-((5-amino-6-chloropyrimi-
din-4-yl)amino)-5-(hydroxymethyl)cyclopentane-1,
2-diol

NH,

A@’ A

% N
OH  \ =N

Cl

HO

A mixture of (1R,2S,3R,5R)-3-amino-5-(hydroxymethyl)
cyclopentane-1,2-diol hydrochloride (16.9 g, 45.1 mmol) and
4,6-dichloropyrimidin-5-amine (5.7 g, 35 mmol) in ethanol
(45 mL) was evenly distributed amongst three tubes and
subjected to microwave conditions (CEM apparatus, 300 W
max, 150° C. max, 250 psi max, 3 min ramp, 30 min hold) to
afford brown solutions; HPLC/LC MS indicated conversion
to the desired product. The three reaction mixtures were com-
bined and concentrated in vacuo to afford the crude title
compound as a dark brown oil, which was concentrated from
toluene (2x30 ml.) and carried on without purification: MS
(ESI+) for C, \H, sCIN,O; m/z 275.0 M+H)"; MS (ESI-) for
C,oH,sCIN,O; m/z 273.0 (M-H)".

Step 2: ((3aR,4R,6R,6aS5)-6-(6-chloro-9H-purin-9-
y1)-2-ethoxytetrahydro-3aH-cyclopenta[d][ 1,3]di-
oxol-4-yl)methanol

.

|
~
x

H O

U7
A

O,
e}

The above crude (1R,2S,3R,5R)-3-((5-amino-6-chloropy-
rimidin-4-yl)amino)-5-(hydroxymethyl)cyclopentane-1,2-
diol was treated with ethyl orthoformate (120 mL, 720 mmol)
and 10-camphorsulfonic acid (8.11 g, 34.9 mmol). The het-
erogeneous brown mixture was stirred vigorously to afford a
nearly homogeneous brown solution after 10 min. At 5h, LC
MS indicated the desired product as the major product and the
reaction was quenched with saturated aqueous NaHCO; (120
mL). The mixture was diluted with water (75 mL), extracted
with CH,Cl, (3x200 mL), and the combined organics were
dried (Na,SO,) and concentrated in vacuo to afford the crude
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title compound as a dark brown liquid, which was carried on
without further manipulation: MS (ESI+) for C, ,H,,CIN,O,
m/z341.0 (M+H)™".

Step 3: ((3aR,4R,6R,6aS)-6-(6-chloro-9H-purin-9-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]
dioxol-4-yl)methanol

The above crude ((3aR,4R,6R,6aS)-6-(6-chloro-9H-purin-
9-yl)-2-ethoxytetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-
yD)methanol was taken up in 2,2-dimethoxypropane (214 mL,,
1740 mmol) and treated with p-toluenesulfonic acid mono-
hydrate (13.2 g, 69.5 mmol) to afford a brown oil partially
suspended in a cloudy solution, which was stirred at rt for 1 h
20 min; HPLC/L.C MS indicated complete conversion to the
desired product. The reaction was quenched by the careful
addition of sodium bicarbonate (8.76 g, 104 mmol) and a
minimal amount of water. The volatiles were removed in
vacuo and the remaining aqueous layer was diluted with
water (100 mL) and extracted with CH,Cl, (3x400 mL). The
combined organics were dried (Na,SO,,) and concentrated in
vacuo to afford a brown oil. Purification by column chroma-
tography (7x16 cm silica; 0-5% MeOH/CH,Cl,) afforded the
title compound (8.30 g, 74% over 3 steps) as a yellow foam:
MS (ESI+) for C,,H,,CIN,O; m/z 325.1 (M+H)*; MS
(ESI-) for C, H,,CIN,O; m/z 369.0 (M+HCO,)™; HPLC
purity >95 area %.

Step 4: 9-((3aS,4R,6R ,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-6-chloro-9H-purine

N
Cl
/ \
: N
S Na
5. o ad

X

A mixture of ((3aR,4R,6R,6a8)-6-(6-chloro-9H-purin-9-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethanol (7.9 g, 24 mmol) and polymer-supported triph-
enylphosphine (3 mmol/g loading; 11 g, 34 mmol) in THF
(100 mL) was cooled to 0° C. (ice/brine bath) and treated
dropwise with diisopropyl azodicarboxylate (6.7 mL, 34
mmol). The tan slurry was stirred for 15 min, and treated
dropwise with a solution of diphenylphosphonic azide (7.3
ml, 34 mmol) in THF (24 mL). The brown reaction mixture
was stirred for 18.5 h as the ice bath expired; HPLC indicated
conversion to the desired product. At 21.5 h the reaction
mixture was filtered, the solids were washed with CH,Cl,,



US 9,096,634 B2

217

and the filtrate was concentrated in vacuo. The red-brown
residue was taken up in CH,Cl, (300 mL) and washed with
saturated aqueous NaHCO; (1x100 mL), water (1x100 mL),
and brine (1x150 mL). The separated organic layer was dried
(Na,S0,) and concentrated in vacuo to afford a red-orange
oil. Purification by column chromatography (7x16 cm silica;
0-10% acetone/CH,Cl,) afforded the title compound (4.82 g,
57%) as a yellow oil/foam: MS (ESI+) for C, ,H, ,CIN.O,
m/z350.1 (M+H)"; MS (ESI-) for C, ,H, ,CIN,0, m/z394.1
(M+HCO,)™; HPLC purity >95 area %.

Step 5: 9-((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-N-(2,4-dimethoxybenzyl)-9H-purin-6-amine

A solution of 9-((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]|dioxol-4-y1)-6-
chloro-9H-purine (1.29 g, 3.69 mmol) and (2,4-dimethox-
yphenyl)methanamine (0.71 mL, 4.7 mmol) in 1-butanol (10
ml) was treated with N,N-diisopropylethylamine (0.93 mL,,
5.3 mmol) and heated at 80° C. for 16.5 h; HPLC/LC MS
indicated conversion to the desired product. The reaction
mixture was allowed to cool to rt and the volatiles were
removed under the flow of air to afford a brown-orange paste.
Purification by column chromatography (2x8 cm silica;
0-10% acetone/CH,Cl,) afforded the title compound (1.72 g,
97%) as a yellow-orange foam/oil: MS (ESI+) for
C,;H, N0, m/z 481.2 (M+H)*; HPLC purity >95 area %.

Step 6: 9-((3aS,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-N-(2,4-dimethoxybenzyl)-9H-purin-6-amine

A solution of 9-((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxo0l-4-y1)-N-
(2,4-dimethoxybenzyl)-9H-purin-6-amine (1.72 g, 3.58
mmol) in THF (16 mL) was cooled to 0° C. (ice/brine bath)
and treated dropwise with a 1.0 M solution of trimethylphos-
phine in THF (6.30 mL, 6.30 mmol). The cold bath was
removed after 30 min and the reaction mixture was stirred for
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1.5 h; HPLC/LC MS indicated complete consumption of the
starting azide. Water (2.84 mL, 157 mmol) was added to the
orange solution (gas evolution noted) and the reaction mix-
ture was stirred for 2.75 h at rt; HPLC indicated complete
conversion to the desired amine. The reaction mixture was
concentrated in vacuo to afford an orange oil. The residue was
taken up in CH,Cl, (150 mL) and washed with water (2x50
mL) and brine (1x75 mL). The separated organic layer was
dried (Na,SO,) and concentrated in vacuo to afford the title
compound (1.6 g, 98%) as a pale yellow foam: MS (ESI+) for
C,3H; N,O, nv/z 455.2 (M+H)*; HPLC purity >95 area %.

Step 1: ethyl 3-(3-((((3aR,4R,6R,6aS)-6-(6-((2,4-
dimethoxybenzyl)amino)-9H-purin-9-y1)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-y1)
methyl)amino)cyclobutyl)propanoate

/O

d

Sodium triacetoxyborohydride (0.839 g, 3.96 mmol) was
added to a solution of 9-43a8S,4R,6R,6aR )-6-(aminomethyl)-
2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-N-(2,4-dimethoxybenzyl)-9H-purin-6-amine (1.5 g, 3.3
mmol), ethyl 3-(3-oxocyclobutyl)propanoate (0.562 g, 3.30
mmol) and acetic acid (0.188 mL, 3.30 mmol) in 1,2-dichlo-
roethane (26.0 ml., 3.30E2 mmol) and the reaction was
stirred at RT overnight. The following morning the starting
material was consumed by HPLC so NaHCO; was added and
the aqueous extracted 3x with DCM. Combined organics
were dried with MgSO,, and purified by FC (DCM/7N NH; in
MeOH 95:5) to yield ethyl 3-3-((((3aR,4R,6R,6aS)-6-(6-((2,
4-dimethoxybenzyeamino)-9H-purin-9-y1)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)amino)
cyclobutyl)propanoate (1.5 g; 75%) as a thick yellow resin/
foam. MS (ESI") for C;,H,,NO4 m/z 609.3 [M+H]".

Step 2: ethyl 3-(3-((((3aR,4R,6R,6aS)-6-(6-((2,4-
dimethoxybenzyl)amino)-9H-purin-9-y1)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-y1)

methyl)(isopropyl)amino)cyclobutyl)propanoate

HN
N/§ N pvp P
] EgN
\‘5 H = N
(0] (@) MeCN,
reflux
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-continued

/LN
/b_ e
N
0 (f : //
o %/ N\/N

Ethyl 3-(3-((((3aR,4R,6R,6a8)-6-(6-((2,4-dimethoxyben-
zyl)amino)-9H-purin-9-yl)-2,2-dimethyltetrahydro-3aH-cy-
clopenta[d][1,3]dioxol-4-y])methyl)amino)cyclobutyl)pro-
panoate (0.06 g, 0.1 mmol) was taken up in acetonitrile (2.6
mL, 50 mmol) and isopropyl iodide (0.098 mL.,, 0.98 mmol)
and triethylamine (0.21 mL, 1.5 mmol) were added. The
reaction was heated to 80° C. for 12 hours at which point the
reaction appeared to stall. Another 15 equivalents triethy-
lamine and another 15 equivalents isopropyl iodide were
added and the reaction continued 8 hours more. Reaction
appeared to have stalled again so another 15 equivalents each
of'isopropyl iodide and triethylamine were added. Upon con-
sumption of the starting material the reaction was concen-
trated and saturated Na,CO; (20 mls) and DCM (20 mls) was
added. The residue was partitioned between the organic layer
and the aqueous layer. The aqueous layer was extracted 3
times with DCM, then the combined organics were dried and
purified by FC (DCM/7N NH,; in MeOH 97:3). Product was
still contaminated with TEA-H+I—, so to a 30 ml solution of
the productin DCM was added 20 mls saturated NaHCO; and
10mls 1N NaOH. The mixture was stirred for 15 minutes then
the aqueous was extracted with DCM 3 times. The combined
organics were dried with MgSO, and solvent removed to
yield pure ethyl 3-(3-((((32R,4R,6R,6a8)-6-(6-((2,4-
dimethoxybenzyl)amino)-9H-purin-9-yl)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)(isopro-
pylamino)cyclobutyl)propanoate (0.045 g; 70%) as a brown
foam/solid with no more amine salts present by NMR. MS
(EST™) for C3H, N ,O, m/z 651.3 [M+H]*.

DMB

/
NH
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HN
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N,

J
N

2

X

HO

Lithium hydroxide monohydrate (0.838 g, 20.0 mmol) was
added to a solution of ethyl 3-(3-((((3aR,4R,6R,6aS)-6-(6-
((2,4-dimethoxybenzyl)amino)-9H-purin-9-yl)-2,2-dimeth-
yltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-yl)methyl)
(isopropyl)amino)cyclobutyl)propanoate (1.3 g, 2.0 mmol)
in tetrahydrofuran (30 mL, 300 mmol) and methanol (6.5 mL,
160 mmol). The reaction was stirred overnight at RT and by
next morning the starting material was consumed and had
been transformed into the acid. The reaction was acidified
with 1N HCI to pH=6. Volatiles were removed in vacuo and
remaining water removed by azeotropic distillation with etha-
nol followed by 24 hours of lyophilization. The resulting
brown solid was used without further purification.

Ethyl 3-(3-((((3 aR,4R,6R,6aS)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[ d]
[1,3]dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)
propanoate

/

o}

(0]
Formalin
N = NaCNBH;
| AcOH/MeOH
\\\\u Y / NH
(0) z /
(0] N,
A
o

NH
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The amine ethyl 3-[3-({[(3aR,4R,6R,6aS)-6-{4-[(2,4-
dimethoxybenzyl)amino]-7H-pyrrolo[2,3-d|pyrimidin-7-
yl1}-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-
4-yllmethyl}amino)cyclobutyl]propancate (1.8 g, 3.0 mmol)
was taken up in methanol (20 ml, 600 mmol) and sodium
cyanoborohydride (0.19 g, 3.0 mmol) was added. The pH was
adjusted to ca. 6 using a 10% solution of AcOH in MeOH,
then formalin (0.29 mL, 3.9 mmol) was added in one portion.
The reaction was allowed to proceed for 3 hours at which time
MS indicated complete consumption of the starting material.
NaHCO; (saturated) added to the reaction mixture which was
then extracted 3 times with DCM. The combined organics
were dried with MgSO,, and concentrated to a yellow resin.
This residue was purified by FC (DCM/7N NH; in MeOH
93:7) to yield ethyl 3-(3-((((3aR,4R,6R,6aS5)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoate (1.6 g;
87%) as a colorless foam. MS (EST") for C;,H,,N;O, m/z
622.3 [M+H].

'H NMR (400 MHz, d,-chloroform) d,, 8.282 (s, 1H),
7.203-7.168 (m, 1H), 6.877-6.865 (m, 1H), 6.399-6.334 (m,
2H), 6.242-6.236 (m, 1H), 5.330 (s, 1H), 4.890-4.835 (m,
2H), 4.664-4.650 (d, J=5.6 Hz, 2H), 4.391-4.354 (m, 1H),
4.067-4.000 (m, 2H), 3.757 (s, 3H), 3.710 (s, 3H), 2.864-
2.784 (m, 0.5H (methine of trans isomer)), 2.553-2.474 (m,
0.5H (methine of cis isomer), 2.432-2.370 (m, 1H), 2.322-
2.278 (m, 2H), 2.212-2.089 (m, 4H), 2.022 & 2.018 (s, 3H
(overlapping singlets due to N-methyl of cis and trans iso-
mers), 1.964-1.908 (m, 3H), 1.778-1.584 (m, 4H), 1.486 (s,
3H), 1.363-1.296 (m, 1H), 1.219 (s, 3H), 1.182-1.146 (m,
3H).

((3aR,4R,6R,6aS)-6-(6-chloro-9H-purin-9-y1)-2-
ethoxytetrahydro-3aH-cyclopenta[d][1,3]dioxo0l-4-
yDmethanol

T~
K

The above crude (1R,2S,3R,5R)-3-((5-amino-6-chloropy-
rimidin-4-yl)amino)-5-(hydroxymethyl)cyclopentane-1,2-
diol was treated with ethyl orthoformate (120 mL, 720 mmol)
and 10-camphorsulfonic acid (8.11 g, 34.9 mmol). The het-
erogeneous brown mixture was stirred vigorously to afford a
nearly homogeneous brown solution after 10 min. At 5h, LC
MS indicated the desired product as the major product and the
reaction was quenched with saturated aqueous NaHCO, (120
mL). The mixture was diluted with water (75 mL), extracted
with CH,Cl, (3x200 mL), and the combined organics were
dried (Na,SO,) and concentrated in vacuo to afford the crude
title compound as a dark brown liquid, which was carried on
without further manipulation: MS (ESI+) for C,,H,,CIN,O,
m/z 341.0 (M+H)™".
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Step 3: ((3aR,4R,6R,6aS)-6-(6-chloro-9H-purin-9-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]
dioxol-4-yl)methanol

The above crude ((3aR,4R,6R,6aS)-6-(6-chloro-9H-purin-
9-yl)-2-ethoxytetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-
yD)methanol was taken up in 2,2-dimethoxypropane (214 mL,,
1740 mmol) and treated with p-toluenesulfonic acid mono-
hydrate (13.2 g, 69.5 mmol) to afford a brown oil partially
suspended in a cloudy solution, which was stirred at rt for 1 h
20 min; HPLC/L.C MS indicated complete conversion to the
desired product. The reaction was quenched by the careful
addition of sodium bicarbonate (8.76 g, 104 mmol) and a
minimal amount of water. The volatiles were removed in
vacuo and the remaining aqueous layer was diluted with
water (100 mL) and extracted with CH,Cl, (3x400 mL). The
combined organics were dried (Na,SO,,) and concentrated in
vacuo to afford a brown oil. Purification by column chroma-
tography (7x16 cm silica; 0-5% MeOH/CH,Cl,) afforded the
title compound (8.30 g, 74% over 3 steps) as a yellow foam:
MS (ESI+) for C,,H,,CIN,O; m/z 325.1 (M+H)"; MS
(ESI-) for C, ,H,,CIN,O; m/z 369.0 M+HCO,)".

Step 4: 9-((3aS,4R,6R ,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-6-chloro-9H-purine

A mixture of ((3aR,4R,6R,6a8)-6-(6-chloro-9H-purin-9-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethanol (7.9 g, 24 mmol) and polymer-supported triph-
enylphosphine (3 mmol/g loading; 11 g, 34 mmol) in THF
(100 mL) was cooled to 0° C. (ice/brine bath) and treated
dropwise with diisopropyl azodicarboxylate (6.7 mL, 34
mmol). The tan slurry was stirred for 15 min, and treated
dropwise with a solution of diphenylphosphonic azide (7.3
ml, 34 mmol) in THF (24 mL). The brown reaction mixture
was stirred for 18.5 h as the ice bath expired; HPLC indicated
conversion to the desired product. At 21.5 h the reaction
mixture was filtered, the solids were washed with CH,Cl,,
and the filtrate was concentrated in vacuo. The red-brown
residue was taken up in CH,Cl, (300 mL) and washed with
saturated aqueous NaHCO; (1x100 mL), water (1x100 mL),
and brine (1x150 mL). The separated organic layer was dried
(Na,S0O,) and concentrated in vacuo to afford a red-orange
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oil. Purification by column chromatography (7x16 cm silica;
0-10% acetone/CH,Cl,) afforded the title compound (4.82 g,
57%) as a yellow oil/foam: MS (ESI+) for C,,H,,CIN,O,
m/z350.1 (M+H)"; MS (ESI-) for C, ,H, ,CIN,0, m/z394.1
(M+HCO,)".

Step 5: 9-((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-N-(2,4-dimethoxybenzyl)-9H-purin-6-amine

A solution of 9-((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]|dioxol-4-y1)-6-
chloro-9H-purine (1.29 g, 3.69 mmol) and (2,4-dimethox-
yphenyl)methanamine (0.71 mL, 4.7 mmol) in 1-butanol (10
ml) was treated with N,N-diisopropylethylamine (0.93 mL,,
5.3 mmol) and heated at 80° C. for 16.5 h; HPLC/LC MS
indicated conversion to the desired product. The reaction
mixture was allowed to cool to rt and the volatiles were
removed under the flow of air to afford a brown-orange paste.
Purification by column chromatography (2x8 cm silica;
0-10% acetone/CH,Cl,) afforded the title compound (1.72 g,
97%) as a yellow-orange foam/oil: MS (ESI+) for
C,3H,N;O, m/z 481.2 (M+H)".

Step 6: 9-((3aS,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-N-(2,4-dimethoxybenzyl)-9H-purin-6-amine

A solution of 9-((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxo0l-4-y1)-N-
(2,4-dimethoxybenzyl)-9H-purin-6-amine (1.72 g, 3.58
mmol) in THF (16 mL) was cooled to 0° C. (ice/brine bath)
and treated dropwise with a 1.0 M solution of trimethylphos-
phine in THF (6.30 mL, 6.30 mmol). The cold bath was
removed after 30 min and the reaction mixture was stirred for
1.5 h; HPLC/LLC MS indicated complete consumption of the
starting azide. Water (2.84 mL, 157 mmol) was added to the
orange solution (gas evolution noted) and the reaction mix-
ture was stirred for 2.75 h at rt; HPLC indicated complete
conversion to the desired amine. The reaction mixture was
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concentrated in vacuo to afford an orange oil. The residue was
taken up in CH,Cl, (150 mL) and washed with water (2x50
mL) and brine (1x75 mL). The separated organic layer was
dried (Na,SO,) and concentrated in vacuo to afford the title
compound (1.6 g, 98%) as a pale yellow foam: MS (ESI+) for
C,3H3NO, m/z 455.2 (M+H)".

Step 1: ethyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-amino-
9H-purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)amino)cyclobutyl)propanoate

oy

A mixture of 9-((3aR,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-9H-purin-6-
amine (0.50 g, 1.6 mmol) and ethyl 3-(3-oxocyclobutyl)pro-
panoate (0.27 g, 1.6 mmol) in methanol (10 mL) was treated
with acetic acid (0.09 mL, 2 mmol) at rt and the flask was
evacuated and flushed with nitrogen (x3). The reaction mix-
ture was treated at rt with sodium cyanoborohydride (0.26 g,
4.1 mmol), which afforded instant gas evolution and a nearly
colorless, clear solution in a few minutes. The reaction mix-
ture was stirred for 1 h at rt; HPLC/LC MS indicated a ~2:1
mixture of product to starting amine. At 1.5 h additional ethyl
3-(3-oxocyclobutyl)propanoate (66 mg, 0.39 mmol) in
MeOH (1.0 mL) was added and the reaction mixture was
stirred at rt for 30 min; HPLC/LC MS indicated ~70% con-
version and some dialkylation. At 2 h 15 min water (4.0 mL)
was added and the mixture was concentrated in vacuo. The
residual aqueous layer was diluted with saturated aqueous
sodium bicarbonate (10 mL, to pH 9) and extracted with
CH,Cl, (3x15 mL). The combined organics were dried
(Na,S0,) and concentrated in vacuo to afford the reductive
amination product as a white foam, which was carried on
without further purification: MS (ESI+) for C,,H;,NO5 m/z
461.1 (M+H)*, 483.1 (M+Na)*.

Step 2: ethyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-amino-
9H-purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)
propanoate

oy

0

X

The above crude secondary amine was taken up in metha-
nol (10 mL) and treated with sodium cyanoborohydride (0.30
g, 4.8 mmol). A solution of 10% v/v acetic acid in methanol
was added to adjust the pH to ~6, followed by the dropwise
addition 0f37% aqueous formaldehyde (0.65 mL, 6.3 mmol),
which afforded gas evolution. The reaction mixture was

in,,,

O,
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stirred at rt for 1 h; HPLC/LC MS indicated complete con-
version to the desired product. At 1.5 h, water (5.0 in L) was
added and the reaction mixture was concentrated in vacuo.
The residue was diluted with saturated aqueous NaHCO; (10
mL, to pH ~9) and extracted with CH,Cl, (3x15 mL). The
combined organics were diluted with a small amount of EtOH
to afford a clear solution, dried (Na,SQO,), and concentrated in
vacuo to afford a nearly colorless oil. Purification by column
chromatography (4x17 cm silica; 0-5% 7 N methanolic NH,/

CH,Cl,) afforded the title compound (0.50 g, 60%) as a white !

foam/colorless oil: MS (ESI+) for C,;H;,N,O5 m/z 475.1
(M+H)*, 497.1 (M+Na)™.

Step 1: ethyl 3-(3-((((32R,4R,6R ,6aR)-6-(6-amino-
9H-purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)amino)cyclobutyl)propanoate

i
Oy

N
NH,
7
N

A mixture of 9-((3aR,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-9H-purin-6-
amine (2.04 g, 6.66 mmol) and ethyl 3-(3-oxocyclobutyl)
propanoate (1.2 g, 7.0 mmol) in methanol (41 mL) was
treated with acetic acid (0.37 mL, 6.5 mmol) at rt and the flask
was evacuated and flushed with nitrogen (x3). The reaction
mixture was treated at rt with sodium cyanoborohydride (1.0
g, 16 mmol), which afforded instant gas evolution and a
nearly colorless, clear solution in a few minutes. The reaction
mixture was stirred for 1 h at rt; HPLC/LC MS indicated
starting material remained. At 1 h 20 min additional ethyl
3-(3-oxocyclobutyl)propanoate (0.50 g, 2.93 mmol) in
MeOH (3 mL) was added. The reaction mixture was stirred
for 30 min and treated with water (12 mL). The mixture was
concentrated in vacuo and the residual aqueous layer was
diluted with saturated aqueous sodium bicarbonate (40 mL, to
pH 9) and extracted with CH,Cl, (3x60 mL). The combined
organics were dried (Na,SO,) and concentrated in vacuo to
afford the crude title compound as a white foam/very pale
yellow oil, which was carried on without further purification:
MS (ESI+) for C,,H,,N.,O; m/z 461.2 (M+H)* and 483.1
(M+Na)*.

Step 2: ethyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-amino-

9H-purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,

3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)
propanoate

/=N

O~ Py
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A solution of the above crude ethyl 3-(3-((((3aR,4R,6R,
6aR)-6-(6-amino-9H-purin-9-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)amino)cyclobutyl)pro-
panoate in acetonitrile (30 mL) was treated with potassium
carbonate (6.3 g, 46 mmol) and isopropyl iodide (3.9 mL, 39
mmol). The reaction mixture in a sealed tube was heated at
90° C. for 6.5 h; HPLC indicated a 4:1 mixture of product to
starting material. The reaction mixture was stirred overnight
(17.5h) atrt, treated with additional isopropyliodide (2.0 mL,
20 mmol), and heated at 90° C. for 3 h; HPLC/L.C MS indi-
cated nearly complete conversion. The reaction mixture was
cooled to rt and the solids were removed by vacuum filtration,
rinsing with CH;CN, and the filtrate was concentrated in
vacuo to afford a dull orange oil with precipitate. Purification
by column chromatography (5x14.5 cm silica; 0-10% 7 N
methanolic NH,/CH,Cl,) atforded the title compound (0.49
g, 15%) as a white foam/colorless oil. The mixed fractions
containing product were repurified by column chromatogra-
phy (4x10.5 cm silica; 0-5% 7 N methanolic NH,/CH,Cl,) to
afford the title compound (1.66 g, 40%) as a white foam/
colorless oil contaminated with the bisreductive amination
byproduct from Step 1: MS (ESI+) for C,sH;3N,O5 m/z
503.2 (M+H)*.

ethyl 3-(3-((((1R,2R,3S,4R)-4-(4-((2,4-dimethoxy-

benzyl)amino)-7H-pyrrolo| 2,3-d]pyrimidin-7-y1)-2,

3-dihydroxycyclopentyl)methyl)amino)cyclobutyl)
propanoate

OMe
OMe
HN
AN
N
i\ . )
EtO,C N

Sodium triacetoxyborohydride (2.43 g, 11.5 mmol) was
added to a solution of (1S,2R,3R,5R)-3-(aminomethyl)-5-(4-
((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-yl)cyclopentane-1,2-diol (2.6 g, 5.7 mmol) and ethyl
3-(3-oxocyclobutyl)propanoate (0.976 g, 5.73 mmol) and
Acetic acid (0.326 ml, 5.73 mmol) in 1,2-Dichloroethane (20
ml) and reaction was stirred at RT overnight. NaHCO; was
added and the aqueous layer was extracted 3x with DCM. The
combined organics were dried with MgSO,,, filtered, concen-
trated and purified by flash chromatogrpahy (DCM/7N NH,
in MeOH 90:10) to give the desired compound (1.8 g) as a
thick yellow resin.
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N-(2,4-dimethoxybenzyl)-7-((3aS,4R,6R,6aR)-6-
((isopropylamino)methyl)-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][1,3]dioxol-4-y1)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine

OMe

OMe

A solution of 7-((3aS,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxo0l-4-y1)-N-
(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine (7.50 g, 16.5 mmol) in 1,2-Dichloroethane (140 mL,
1800 mmol) was treated with Acetone (1.34 mL., 18.2 mmol)
and Acetic acid (0.94 mL, 16 mmol) dropwise followed by
Sodium triacetoxyborohydride (4.20 g, 19.8 mmol) and the
mixture was stirred at RT for 4 h. HPLC analysis indicated the
reaction was complete. The reaction mixture was diluted with
200 mL. CH,Cl, and washed with 150 mL sat NaHCO,. The
aqueous phase was washed with 100 mL. CH,Cl, and the
combined organic phase was dried over Na,SO,, filtered and
concentrated to yield a an oil that produced a stiff foam when
placed under high vac. The crude material (9.3 g) was carried
on directly to the next step.

ethyl 3-(3-((((3 aR 4R,6R ,6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d]

[1,3]dioxol-4-yl)methyl)(isopropyl)amino)

cyclobutyl)propanoate
OMe
HN OMe
=
/< 0 N\
N ="

(n
A

O,
O

X

A solution of N-(2.4-dimethoxybenzyl)-7-((32S,4R,6R,
6aR)-6-((isopropylamino)methyl)-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][ 1,3]dioxol-4-y1)-7H-pyrrolo[2,3-d]pyri-
midin-4-amine (9.50 g, 15.3 mmol) in 1,2-Dichloroethane
(75 mL, 950 mmol) was treated with ethyl 3-(3-oxocyclobu-
tyl)propanoate (3.92 g, 23.0 mmol) and Acetic acid (1.0 mL,,
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18 mmol) dropwise followed by Sodium triacetoxyborohy-
dride (4.58 g, 21.6 mmol) and the mixture was stirred at RT
for 6 days. The reaction mixture was diluted with 150 mL
CH,Cl, and washed with 100 mL sat NaHCO,. The aqueous
phase was washed with 100 mLL CH,Cl, and the combined
organic phase was dried over Na,SO,, filtered and concen-
trated to yield a light brown viscous glass.

The crude material was purified by flash chromatography
(810, eluting with 2-3% 7N NH; in CH;OH/CH,Cl,) to yield
a slightly glass/stiff foam (7.10 g).

ethyl 3-(3-((((3aR,4R,6R,6a8)-6-(4-((2,4-dimethoxy-

benzyl)amino)-7H-pyrrolo| 2,3-d]pyrimidin-7-y1)-2,

2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-
4-yDmethyl)amino)cyclobutyl)propanoate

OMe
HN OMe
F
N
LI\
juire
EtO,C ><

A solution of 7-((3aS,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y1)-N-
(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine (8.00 g, 15.2 mmol) in 1,2-Dichloroethane (119.5 mL,
1517 mmol) was treated with ethyl 3-(3-oxocyclobutyl)pro-
panoate (2.58 g, 15.2 mmol) and Acetic acid (0.86 mL, 15
mmol) dropwise followed by Sodium triacetoxyborohydride
(3.86 g, 18.2 mmol) and the mixture was stirred at RT for 19
h. The reaction mixture was diluted with 150 mL. CH,Cl, and
washed with 150 mL sat NaHCO;. The aqueous phase was
washed with 70 mL. CH,Cl, and the combined organic phase
was dried over Na,SO,, filtered and concentrated to yield a
tan glass that produced a sticky foam when placed under high
vac. The crude material was purified by flash chromatography
(810, eluting with 3-4% 7N NH; in CH;OH/CH,Cl,) to yield
a light yellow viscous oil that producted a sticky foam under
high vacuum (5.03 g). MS 608.3 (M+H).

Example 1

Synthesis of 1-((3-((((2R,35,4R,5R)-5-(6-amino-9H-
purin-9-y1)-3,4-dihydroxytetrahydrofuran-2-yl)me-
thyl)(methyl)amino)cyclobutyl)methyl)-3-(4-(tert-
butyl)phenyl)urea (Compound 110)

Step 1: Synthesis of methyl
3-oxocyclobutanecarboxylate
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To asolution of DCC (5.96 g, 28.95 mmol) in DCM (20 ml)
was added dropwise a mixture of 3-oxocyclobutanecarboxy-
licacid (3.0 g, 26.31 mmol), MeOH (1.68 g, 52.62 mmol) and
DMAP (2.57 g, 21.05 mmol) in DCM (30 ml). The reaction
mixture was stirred at RT overnight. The mixture was fil-
trated. The filtrate was washed with 0.5 M HCl solution (50
ml). The organic layer was dried over Na,SO, and concen-
trated. The residue was purified by SGC (PE:EA=5:1) to
obtain the title compound (4.0 g). "HN.R (500 MHz, CDCL,):
83.77 (s, 3H), 3.42-3.26 (m, SH) ppm.

Step 2: Synthesis of methyl3-((((3aR,4R,6R,6aR)-6-
(6-amino-9H-purin-9-y1)-2,2-dimethy! tetrahydro
furo[3,4-d][1,3]dioxol-4-yl)methyl)(methyl)amino)
cyclobutanecarboxylate

NH,

(1)

N
Me\ O. N
N
S

A solution of methyl 3-oxocyclobutanecarboxylate (1.28 g
crude), 9-((3aR,4R,6R,6aR )-2,2-dimethyl-6-((methylamino)
methyl)tetrahydrofuro|3.4-d][1,3]dioxo0l-4-y1)-9H-purin-6-
amine (2.0 g, 6.25 mmol) (Townsend et al Org Lett 2009, 11,
2976-2679) and Ti(iPrO), (1.78 g, 6.25 mmol) in MeOH (50
ml) was stirred at 45° C. for 2 h, then NaCNBH; (0.79 g,
12.50 mmol) was added. The reaction was stirred at RT over-
night. The reaction was quenched with aq. sat. NaHCO; (40
mL), filtered, extracted with DCM (40 mL.x3), dried over
Na,SO, and concentrated. The residue was purified by SGC
(DCM:MeOH=12:1) to obtain title compound (1.7 g, Yield
63%). 'H NMR (500 MHz, MeOD): §,, 8.28-8.27 (m, 1H),
8.21 (s, 1H), 6.20-6.18 (m, 1H), 5.52 (dd, J=1.5, 6.0 Hz, 1H),
5.00 (dd, J=3.0, 6.0 Hz, 1H), 5.33 (brs, 1H), 3.65-3.63 (m,
3H), 2.77-2.55 (m, 4H), 2.19-2.11 (m, SH), 2.00-1.82 (m,
2H), 1.59 (s, 3H), 1.38 (s, 3H) ppm; ESI-MS (m/z): 433.2
[M+17*.

gy,
e

O,
e}

Step 3: Synthesis of (3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[ 3,
4-d][1,3]dioxol-4-y)methyl)(methyl)amino)cyclobu-

tyl)methanol

NI,

N =
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To a solution of methyl 3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(methyl)amino)cyclobutanecarboxy-
late (1.0 g, 2.31 mmol) in THF (40 ml) was added LiAlH,
(0.53 g, 13.89 mmol) at 0° C. and the mixture was stirred
overnight. Water (1.0 g) and 15% NaOH solution (3.0 g) were
added slowly to the mixture and upon stirring for 15 min, the
mixture was filtered. The filtrate was concentrated to obtain
the crude title compound which was used directly in the next
step.

Step 4: Synthesis of (3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro|3,
4-d][1,3]dioxol-4-y)methyl)(methyl)amino)cyclobu-

tyDmethyl methanesulfonate

NH,

X

To a solution of (3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)methanol taken
directly from the previous step in DCM (25 ml) was added
Et;N (467 mg, 4.62 mmol) and MsCl (264 mg, 2.31 mmol) as
a solution in DCM (5 ml). The mixture was stirred for 2 h.
Water (20 ml) and DCM (30 mlx2) was added. The organic
layer was dried over Na,SO, and concentrated, purified with
Prep-TLC (DCM:MeOH=10:1) to give the title compound
(390 mg, Yield 35% for two steps). '"H NMR (500 MHz,
MeOD): §,,8.27 (s, 1H), 8.21 (s, 1H), 6.203-6.200 (m, 1H),
5.529 (dd, J=2.0, 7.0 Hz, 1H), 5.010 (dd, J=3.0, 6.0 Hz, 1H),
4354 (dd, J=3.5, 8.0 Hz, 1H), 4.197-4.182 (m, 2H), 3.585
(brs, 1H), 3.073-2.948 (m, 5H), 2.595-2.513 (m, 2H), 2.394
(brs, 1H),2.207 (brs, 1H), 2.107 (s, 3H), 2.030-1.989 (m, 1H),
1.840-1.811 (m, 2H), 1.586 (s, 3H), 1.390 (brs, 1H), 1.329-
1.280 (m, 6H), 0.905-0.878 (m, 1H) ppm; ESI-MS (m/z):
483 3[M+1]".

Step 5: Synthesis of 9-((3aR,4R,6R,6aR)-6-(((3-
(azidomethyl)cyclobutyl)(methyl)amino)methyl)-2,
2-dim ethyltetrahydro furo[3,4-d][1,3]dioxol-4-y])-

9H-purin-6-amine

Olll,
oW

OMs

NIL

N S

N

<A

Z
N

Me\ O N
N
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To a solution of (3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)methyl methane sul-
fonate (150 mg, 0.31 mmol) in DMF (3 ml) was added NaN,
(81 mg, 1.24 mmol). The mixture was heated at 70° C. for 3
h. Water (30 ml) was added and the mixture was extracted
with ethyl acetate (20 mIx3). The combined organic layers
were dried over Na,SO, and concentrated. The residue was
purified by Prep-TLC (DCM:MeOH=30:1) to obtain the tltle
compound (90 mg, Yield 67%). ESI-MS (m/z): 430.2[M+1]".

Step 6: Synthesis of 9-((3aR,4R,6R,6aR)-6-(((3-
(aminomethyl)cyclobutyl)(methyl)amino)methyl)-2,
2-dimethyltetrahydro furo[3.,4-d][1,3]dioxo0l-4-y1)-
9H-purin-6-amine

NH,

N X

N

</l)

N N/
55

Pd/C (10 mg) was added to a solution of 9-((3aR,4R,6R,
6aR)-6-(((3-(azidomethyl)cyclobutyl)(methyl)amino)me-
thyl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-4-y1)-
9H-purin-6-amine (90 mg, 0.21 mmol) in MeOH (6 ml). The
mixture was stirred at RT overnight under an atmosphere of
H,. The mixture was filtered and the filtrate was concentrated
to obtain the title compound which was used directly in the
next step.

Step 7: Synthesis of 1-((3-((((3aR,4R,6R,6aR)-6-(6-

amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[ 3,

4-d][1,3]dioxol-4-y)methyl)(methyl)amino)cyclobu-
tyl)methyl)-3-(4-(tert-butyl)phenyl)urea

K3

To a solution of 9-((3aR,4R,6R,6aR)-6-(((3-(aminom-
ethyl)cyclobutyl)(methyl)amino)methyl)-2,2-dimethyltet-
rahydrofuro[3,4-d][1,3]dioxo0l-4-y1)-9H-purin-6-amine  in
DCM (4 ml) was added 1-tert-butyl-4-isocyanatobenzene (37
mg). The mixture was stirred at RT for 1 h. The mixture was
concentrated and purified via preparative-TLC (DCM:
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MeOH=10:1) to give the title compound (55 mg, Yield 45%
for two steps). ESI-MS (m/z): 578.3[M+1]".

Step 8: Synthesis of Compound 110

A solution of 1-((3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)methyl)-3-(4-(tert-
butyl)phenyl)urea (55 mg) in HCI/MeOH (2.5 mol/L) (2 mL)
was stirred at RT for 2 h and then concentrated to dryness.
K,CO; (52 mg) in water (0.5 mL) and MeOH (5 mL) was
added. The resulting mixture was stirred for another 10 min at
RT, filtered and the filtrate was concentrated. The residue was
purified by preparative-HPLC to give Compound 110 (10 mg,
yield: 25%) as a white solid. "HNMR (500 MHz, MeOD): 3,
8.26 (s, 1H), 8.18 (s, 1H), 7.26-7.19 (m, 4H), 5.96 (d, J=4.5
Hz, 1H), 4.674-4.655 (m, 1H), 4.24-4.16 (m, 2H), 3.15 (d,
J=5.0Hz, 2H), 2.83-2.73 (m, 3H), 2.20-1.59 (m, 8H), 1.26 (s,
9H) ppm; ESI-MS (m/z): 539.3 [M+1]*.

Example 2

Synthesis of (2R,3R.4S,5R)-2-(6-amino-9H-purin-9-
yD-5-((((1r,38)-3-(2-(5-(tert-butyl)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)amino)
methyl)tetrahydrotfuran-3,4-diol (Compound 2)

Step 1: Synthesis of cis and trans methyl 3-((((3aR,
4R,6R,6aR)-6-(6-amino-9H-purin-9-yl)-2,2-dimeth-
yltetrahydrofuro[3,4-d][1,3]dioxol-4-y])methyl)
amino)cyclobutanecarboxylate

NI,
N
(1)
N N)
Me\ O
N
6><6
o) o)

A solution of methyl 3-oxocyclobutanecarboxylate (4.60
g, 35.94 mmol), 9-((3aR,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-9H-purin-6-
amine (11.0 g, 35.94 mmol) and Ti(iPrO), (4.0 g, 14.08
mmol) in MeOH (80 mL) was stirred at 45° C. for 2 h, then
NaCNBHj; (4.5 g, 71.87 mmol) was added. The reaction was
stirred at RT overnight. The reaction was quenched with aq.
sat. NaHCO,; (40 mL) and filtered, extracted with DCM (80
ml.x3), dried over Na,SO, and concentrated. The residue was
purified by preparative-HPLC to obtain the title compound
(6.2 g, Yield 41%). 'H NMR (500 MHz, CDCl,): 8, 8.38-
8.34 (m, 1H), 7.90 (s, 1H), 5.98 (d, J=3.0 Hz, 1H), 5.75 (brs,
2H), 5.48-5.46 (m, 1H), 5.03-5.01 (m, 1H), 4.35-4.33 (m,
1H), 3.69-3.66 (m, 3H), 3.50-3.17 (m, 1H), 3.05-2.73 (m,
3H), 2.48-2.44 (m, 2H), 1.95-1.91 (m, 2H), 1.62 (s, 3H), 1.39
(s, 3H) ppm; ESI-MS (m/z): 419.2[M+1]*.

The cis/trans mixture of methyl 3-((((3aR,4R,6R,6aR)-6-
(6-amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro|3,4-d]
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[1,3]dioxol-4-yl)methyl)amino)cyclobutanecarboxylate (6.2
g) was separated via chiral HPLC (CHIRALCEL AD-H
20%250 mm, Sum (Daicel), Column temperature: 35° C.,
Mobile phase: CO2/Methanol (0.1% DEA)=70/30, Flow
rate: 50 g/min) to give the pure cis product (3.5 g) and pure
trans product (1.7 g).

Step 2: Synthesis of (1S,3s)-methyl 3-((((3aR,4R,6R,
6aR)-6-(6-amino-9H-purin-9-yl)-2,2-dimethyltet-
rahydrofuro|3,4-d][1,3]dioxol-4-yl)methyl)(isopro-
pyDamino)cyclobutanecarboxylate

NH,

To a solution of cis methyl 3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)amino)cyclobutanecarboxylate (2.0 g,
4.78 mmol) in CH;CN (15 ml) was added 2-iodopropane (4.0
g, 23.92 mmol) and K,CO; (1.0 g, 7.18 mmol). The reaction
was heated to 95° C. overnight in a sealed tube. The mixture
was filtered, the filtrate was concentrated and purified by SGC
(DCM:MeOH=12:1) to obtain the title compound (1.9 g,
Yield 86%). 'H NMR (500 MHz, CDCL,): §,, 8.37 (s, 1H),
7.89 (s, 1H), 6.03 (d, J=1.5 Hz, 1H), 5.53-5.48 (m, 3H), 5.00
(brs, 1H), 4.25 (bis, 1H), 3.66 (s, 3H),3.19-3.18 (m, 1H), 2.96
(brs, 1H), 2.80-2.78 (m, 1H), 2.67-2.58 (m, 2H), 2.20-2.12
(m, 4H), 1.62 (s, 3H), 1.39 (s, 3H), 1.00 (d, J=6.0 Hz, 3H),
0.84 (d, J=6.0 Hz, 3H) ppm; ESI-MS (n/z): 461.4[M+1]*.

Step 3: Synthesis of (1S,3s)-3-((((3aR,4R,6R,6aR)-
6-(6-amino-9H-purin-9-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)
amino)cyclobutanecarbaldehyde

To a solution of (1S,3s)-methyl 3-((((3aR,4R,6R,6aR)-6-
(6-amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d]
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[1,3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutanecar-
boxylate (1.2 g, 2.60 mmol) in DCM (50 ml) was added
DIBAL-H dropwise at —78° C. until all the starting material
was consumed as determined by TLC. MeOH (2 ml) was
added and the mixture was stirred to RT for 30 min. upon
which water (50 ml) was added and the mixture was extracted
with DCM (50 mlx2). The organic layer was dried over
Na,SO, and concentrated to obtain crude title compound (1.0
g which was used) directly in the next step. 'H NMR (500
MHz, CDCl,): 8,,9.56 (d,J=2.5 Hz, 1H),8.36 (s, 1H), 7.88 (s,
1H), 6.03 (d, I=2.5 Hz, 1H), 5.66 (br s, 2H), 5.50 (dd, J=2.0,
6.5 Hz, 1H), 5.01 (dd, J=3.5, 6.5 Hz, 1H), 3.331-3.337 (m,
1H), 2.96-2.97 (m, 1H), 2.77-2.59 (m, 3H), 2.14-2.05 (m,
4H), 1.60(s,3H), 1.39 (s,3H), 1.01 (d, J=6.5 Hz, 3H), 0.85 (d,
J=6.0 Hz, 3H) ppm.

Step 4: Synthesis of (E)-ethyl 3-((1S,3s)-3-((((3aR,
4R,6R,6aR)-6-(6-amino-9H-purin-9-yl)-2,2-dimeth-
yltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)(iso-

propylamino)cyclobutyl)acrylate

To a solution of (18,35)-3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutane carbal-
dehyde (930 mg, 2.16 mmol) in CH;CN:DCM=5:1 (50 ml)
was added ethyl 2-(diethoxyphosphoryl)acetate (484 mg,
2.16 mmol), DBU (328 mg, 2.16 mmol) and LiCl (91 mg,
2.16 mmol). The mixture was stirred at RT for 1 h and then
concentrated. Water (20 ml) was added and the mixture
extracted with DCM (25 m1x3). The combined organic layers
were dried over Na,SO,, concentrated and the residue was
purified by SGC (DCM:MeOH=30:1) to obtain title com-
pound (900 mg, Yield 83%). 'H NMR (500 MHz, CDCl,): d,
8.36 (s, 1H), 7.89 (s, 1H), 6.94-6.90 (m, 1H), 6.03 (s, 1H),
5.72-5.89 (m, 1H), 5.57 (s, 2H), 5.52 (d, J=4.5 Hz, 1H), 5.00
(dd, J=3.5,6.0 Hz, 1H), 4.25 (d, J=3.0 Hz, 1H), 4.21-4.17 (m,
2H), 3.14 (brs, 1H), 2.961-2.936 (m, 1H), 2.74-2.52 (m, 3H),
2.22-2.14 (m, 2H), 1.79-1.76 (m, 2H), 1.60 (s, 3H), 1.40 (s,
3H), 1.30-1.27 (m, 3H), 1.00 (d, J=7.0 Hz, 3H), 0.82 (d, J=6.5
Hz, 3H) ppm; ESI-MS (m/z): 501.4[M+1]*.
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Step 5: Synthesis of ethyl 3-((1S,3r)-3-((((3aR 4R,
6R,6aR)-6-(6-amino-9H-purin-9-yl1)-2,2-dimethyltet-
rahydrofuro|3,4-d][1,3]dioxol-4-yl)methyl)(isopro-
pyDamino)cyclobutyl)propanoate

NH,

CO,Ft

To a solution of (E)-ethyl 3-((1S,3s)-3-((((3aR,4R,6R,
6aR)-6-(6-amino-9H-purin-9-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)amino)cy-
clobutylacrylate (900 mg, 1.8 mmol) in MeOH (50 ml) was
added Pd/C (20 mg). The mixture was stirred at RT overnight
under an atmosphere of hydrogen. The mixture was filtered
and the filtrate was concentrated to obtain title compound
(700 mg, Yield 78%). 'H NMR (500 MHz, CDCl,): 3, 8.36
(s, 1H),7.89 (s, 1H), 6.03 (d, J=2.5 Hz, 1H), 5.69 (s, 2H), 5.51
(dd, J=2.5, 8.0 Hz, 1H), 4.99 (dd, J=4.0, 7.5 Hz, 1H), 4.26
(brs, 1H), 4.13-4.08 (m, 2H), 2.99-2.92 (m, 2H), 2.706-2.655
(m, 1H), 2.539-2.486 (m, 1H), 2.18-2.02 (m, 4H), 1.76 (brs,
1H), 1.65-1.60 (m, 5H), 1.43-1.37 (m, SH), 1.26-1.23 (m,
2H), 0.97 (d, J=9.0 Hz, 3H), 0.79 (d, J=8.5 Hz, 3H) ppm;
ESI-MS (m/z): 503.4[M+1]*.

Step 6: Synthesis of 3-((1S,3r)-3-((((3aR,4R,6R,
6aR)-6-(6-amino-9H-purin-9-yl)-2,2-dimethyltet-
rahydrofuro|3,4-d][1,3]dioxol-4-yl)methyl)(isopro-
pyDamino)cyclobutyl)propanoic acid

NH,

CO,H

To a solution of ethyl 3-((1S,3r)-3-((((3aR,4R,6R ,6aR)-6-
(6-amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d]
[1,3]dioxol-4-yl)methyl) (isopropyl)amino)cyclobutyl)pro-
panoate (650 mg, 1.29 mmol) in THF:MeOH=5:1 (30 ml)
was added LiOH.H,O (543 mg, 1.29 mmol). The mixture was
stirred at RT overnight, concentrated and then taken up in
MeOH (10 ml). 1M HCl solution was added dropwise at 0° C.
until pH=7. The mixture was concentrated and purified with
preparative-HPLC to give title compound (170 mg).
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Step 7: Synthesis of N-(2-amino-4-(tert-butyl)phe-
nyl)-3-((1S,3r)-3-((((3 aR,4R,6R,6aR)-6-(6-amino-
9H-purin-9-y1)-2,2-dimethyltetrahydro furo[3,4-d][1,
3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)
propanamide

To a solution of 3-((1S,3r)-3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)pro-
panoic acid (170 mg, 0.36 mmol) in DCM (15 ml) was added
4-tert-butylbenzene-1,2-diamine (117 mg, 0.72 mmol),
EDCI (137 mg, 0.72 mmol), HOBT (97 mg, 0.72 mmol) and
TEA (217 mg, 2.15 mmol). The mixture was stirred at RT
overnight and concentrated. Saturated NaHCO, solution (20
ml) was added and the mixture extracted with DCM (20
mlx3). The organic layers were dried over Na,SO, and con-
centrated. The crude was purified with preparative-TLC
(DCM:MeOH=12:1) to afford the title compound (110 mg
crude).

Step 8: Synthesis of 9-((3aR,4R,6R,6aR)-6-((((1r,
38)-3-(2-(5-(tert-butyl)-1H-benzo[d]imidazol-2-yl)
ethyl)cyclobutyl)(isopropyl)amino)methyl)-2,2-dim-
ethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-9H-
purin-6-amine

A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-((1S,
3r)-3-((((3aR,4R,6R,6aR )-6-(6-amino-9H-purin-9-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)(iso-
propyl)amino)cyclobutyl)propanamide (110 mg) in AcOH
(10 ml) was heated to 65° C. overnight. The mixture was
concentrated, saturated NaHCO; solution (20 ml) was added
and the mixture extracted with DCM (20 mlx3). The com-
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bined organic layers were dried over Na,SO, and concen-
trated to give the title compound (105 mg crude). 'H NMR
(500 MHz, CDCl,): §,, 8.36 (s, 1H), 7.89 (s, 1H), 7.48-7.24
(m, 3H), 6.01 (d, J=1.5 Hz, 1H), 5.60-5.53 (m, 3H), 4.98 (dd,
J=3.0,6.5Hz, 1H),4.22 (brs, 1H), 2.97 (brs, 1H), 2.874-2.847
(m, 1H), 2.56-2.50 (m, 3H), 1.87-1.78 (m, 2H), 1.70-1.54 (m,
7H), 1.35-1.17 (m, 14H), 0.90 (d, J=6.5 Hz, 3H), 0.80 (d,
J=6.5 Hz, 3H) ppm; ESI-MS (/z): 603.5[M+1]*.

Step 9: Synthesis of Compound 2

A solution of 9-((3aR.4R,6R,6aR)-6-((((1r,3S)-3-(2-(5-
(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(isopropyl)amino )methyl)-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-y])-9H-purin-6-amine (105 mg) in HCV/
MeOH (2.5 mol/L) (10 mL) was stirred at RT for 2 h, then
concentrated to dryness. K,CO; (96 mg) in water (0.5 mL)
and MeOH (5 mL) were added and the resulting mixture was
stirred for another 10 min at RT and then filtered. The filtrate
was concentrated and the residue was purified by preparative-
HPLC (xbridge 30 mm™*150 mm, Mobile phase: A: water (10
mM NH4HCO3) B: CAN, Gradient: 35-45% B in 10 min,
45-45% B in 6 min, stop at 20 min, Flow rate: 50 ml/min) to
give Compound 2 (50 mg, yield: 51%) as a white solid.
"THNMR (500 MHz, MeOD): 8, 8.29 (s, 1H), 8.20 (s, 1H),
7.47-7.39 (m, 3H), 5.96 (d, J=4.0 Hz, 1H), 4.70-4.75 (m, 1H),
4.26-4.27 (m, 1H), 4.05-4.06 (m, 1H), 3.140-3.155 (m, 1H),
3.00-2.76 (m, SH), 2.18-2.16 (m, 2H), 1.87-1.85 (m, 2H),
1.57-1.55 (m, 2H), 1.36 (s, 9H), 1.01 (d, J=6.5 Hz, 3H), 0.94
(d, J=6.5 Hz, 3H) ppm; ESI-MS (m/z): 563.4 [M+1]".

Example 3

Synthesis of (2R,3R.4S,5R)-2-(6-amino-9H-purin-9-
yD-5-((((1s,3R)-3-(2-(5-(tert-butyl)-1H-benzo[ d]
imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)amino)
methyl)tetrahydrofuran-3,4-diol (Compound 3)

Step 1: Synthesis of (1R,30-methyl 3-((((3aR,4R,6R,
6aR)-6-(6-amino-9H-purin-9-yl)-2,2-dimethyltet-
rahydrofuro|3,4-d][1,3]dioxol-4-yl)methyl)(isopro-
pyDamino)cyclobutanecarboxylate

NH,

To a solution of (1R,30-methyl 3-((((3aR,4R,6R,6aR)-6-
(6-amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d]
[1,3]dioxol-4-yl)methyl)amino)cyclobutanecarboxylate (1.7
g, 4.07 mmol) in CH;CN (15 ml) was added 2-iodopropane
(3.5 g, 20.3 mmol) and K,CO; (0.84 g, 6.10 mmol). The
reaction was heated to 95° C. overnight in a sealed tube. The
mixture was filtered and the filtrate was and concentrated and
purified by SGC (DCM:MeOH=12:1) to obtain title com-
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pound (1.35 g, Yield 72%). "H NMR (500 MHz, CDCL,): d,
8.36 (s, 1H), 7.88 (s, 1H), 6.03 (d, J=2.0 Hz, 1H), 5.55 (m,
2H), 5.49 (dd, J=1.5, 6.0 Hz, 1H), 5.01 (dd, J=3.5, 6.0 Hz,
1H), 4.254-4.247 (m, 1H), 3.68 (s, 3H), 3.60-3.50 (m, 1H),
2.930-2.917 (m, 1H), 2.79-2.74 (m, 2H), 2.59-2.57 (m, 1H),
2.25-2.12 (m, 4H), 1.60 (s, 3H), 1.39 (s, 3H), 1.00 (d, J=6.5
Hz, 3H), 0.83 (d, J=7.0 Hz, 3H) ppm; ESI-MS (m/z): 461.3
[M+17*.

Step 2: Synthesis of (1R,3r)-3-((((3aR,4R,6R,6aR )-
6-(6-amino-9H-purin-9-yl)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)
amino)cyclobutanecarbaldehyde

NH,

To a solution of (1R,3r)-methyl 3-((((3aR,4R,6R,6aR)-6-
(6-amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro|3,4-d]
[1,3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutanecar-
boxylate (1.35 g, 2.93 mmol) in DCM (50 ml) at -78° C. was
added DiBAL-H dropwise until the starting material was
completely consumed as determined by TLC. MeOH (2 ml)
was added and the mixture was stirred at room temperature
(RT) for 30 min. Water (50 ml) was added and the mixture was
extracted with DCM (50 m1x2). The combined organic layers
were dried over Na,SO, and concentrated to obtain crude title
compound (1.1 g) which was used directly in the next step. 'H
NMR (500 MHz, CDCl,): 8,,9.80 (s, 1H), 8.35 (s, 1H), 7.88
(s, 1H), 6.04 (s, 1H), 5.56 (s, 2H), 5.50 (d, J=6.5 Hz, 1H),
5.028-5.026 (m, 1H), 4.26 (brs, 1H), 3.33-3.30 (m, 1H),
2.956-2.930 (m, 1H), 2.80-2.55 (m, 3H), 2.27-2.07 (m, 4H),
1.60 (s, 3H), 1.39 (s, 3H), 1.00 (d, J=7.0 Hz, 3H), 0.82 (d,
J=6.5 Hz, 3H) ppm.

Step 3: Synthesis of (E)-ethyl 3-((1R,3r)-3-((((3aR,

4R,6R,6aR)-6-(6-amino-9H-purin-9-yl)-2,2-dimeth-

yltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)(iso-
propylamino)cyclobutyl)acrylate

NH,

CO,Et
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To a solution of (1R,3r)-3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutanecarbal-
dehyde (1.1 g, 2.56 mmol) in CH;CN:DCM=5:1 (50 ml) was
added ethyl 2-(diethoxyphosphoryl)acetate (573 mg, 2.56
mmol), DBU (389 mg, 2.56 mmol) and LiCl (107 mg, 2.56
mmol). The mixture was stirred at RT for 1 h and concen-
trated, upon which water (20 ml) was added and the mixture
was extracted with DCM (25 mlx3). The combined organic
layers were dried over Na,SO, and concentrated. The residue
was purified by SGC (DCM:MeOH=30:1) to obtain the title
compound (1.0 g, Yield 78%). "H NMR (500 MHz, CDCL,):
8,,835(s,1H),7.89(s, 1H),7.16-7.11 (m, 1H), 6.03 (d,J=2.0
Hz, 1H), 5.79-5.76 (m, 1H), 5.56 (s, 2H), 5.51 (dd, J=1.5, 6.0
Hz, 1H), 5.02 (dd, I=3.0, 6.0 Hz, 1H), 4.25 (d, J=8.0 Hz, 1H),
4.22-4.17 (m, 2H), 3.44 (brs, 1H), 2.93 (brs, 1H), 2.78-2.56
(m, 3H), 2.27-2.16 (m, 2H), 1.93-1.91 (m, 2H), 1.60 (s, 3H),
1.40 (s, 3H), 1.31-1.27 (m, 3H), 0.98 (d, J=6.5 Hz, 3H), 0.82
(d, J=6.5 Hz, 3H) ppm; ESI-MS (m/z): 501.4[M+1]*.

Step 4: Synthesis of ethyl 3-((1R,3s)-3-((((3aR,4R,
6R,6aR)-6-(6-amino-9H-purin-9-yl1)-2,2-dimethyltet-
rahydrofuro|3,4-d][1,3]dioxol-4-yl)methyl)(isopro-
pyDamino)cyclobutyl)propanoate

To a mixture of (E)-ethyl 3-((1R,3r)-3-((((3aR,4R,6R,
6aR)-6-(6-amino-9H-purin-9-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)amino)cy-
clobutylacrylate (1.0 g, 2.0 mmol) and 10% Pd/C (30 mg) in
MeOH (50 ml) was added Pd/C (30 mg). The mixture was
stirred at RT overnight under a hydrogen atmosphere. The
resulting mixture was filtered and the filtrate was concen-
trated to obtain the title compound (1.0 g, Yield 100%). 'H
NMR (500 MHz, CDCL,): d,,8.36 (s, 1H), 7.89 (s, 1H), 6.03
(d, J=2.5 Hz, 1H), 5.58 (s, 2H), 5.51 (dd, J=2.0, 6.5 Hz, 1H),
5.00 (dd, J=3.5, 6.0 Hz, 1H), 4.276-4.269 (m, 1H), 4.13-4.09
(m, 2H),3.38-3.37 (m, 1H), 2.94-2.54 (m, 3H), 2.22-1.97 (m,
5H), 1.79-1.62 (m, 4H), 1.60 (s, 3H), 1.40 (s, 3H), 1.28-1.23
(m, 2H), 0.97 (d, I=7.0 Hz, 3H), 0.79 (d, J=7.0 Hz, 3H) ppm;
ESI-MS (m/z): 503.4[M+1]".
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Step 5: Synthesis of 3-((1R,3 5)-3-((((3 aR,4R,6R,
6aR)-6-(6-amino-9H-purin-9-y1)-2,2-dimethyltet-
rahydrofuro|3,4-d][1,3]dioxo0l-4-yl)methyl)(isopro-
pyDamino)cyclobutyl)propanoic acid

CO,H

To a solution of ethyl 3-((1R,3s)-3-((((3aR,4R,6R,6aR)-6-
(6-amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro|3,4-d]
[1,3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)pro-
panoate (360 mg, 0.72 mmol) in THF:MeOH=5:1 (30 ml)
was added LiOH.H,O (301 mg, 7.20 mmol). The mixture was
stirred at RT overnight, concentrated then dissolved in MeOH
(10 ml). 1 M HCI solution was added dropwise at 0° C. until
pH=7. The mixture was concentrated to give the title com-
pound crude and was used directly in the next step.

Step 6: Synthesis of N-(2-amino-4-(tert-butyl)phe-
nyl)-3-((1R,3s)-3-((((3 aR,4R,6R,6aR)-6-(6-amino-
9H-purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)

propanamide

To a solution of 3-((1R,3s)-3-((((32R,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)pro-
panoic acid in DMF (5 ml) was added 4-(tert-butyl)benzene-
1,2-diamine (235 mg, 1.43 mmol), EDCI (274 mg, 1.43
mmol), HOBT (193 mg, 1.43 mmol) and TEA (435 mg, 4.30
mmol). The mixture was heated to 45° C. overnight and
concentrated. Saturated NaHCO, solution (20 ml) was added
and the mixture was extracted with DCM (20 mlx3). The
organic layers were dried over Na,SO, and concentrated. The
crude was purified with preparative-TLC (DCM:MeOH=12:
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1) to afford the title compound (110 mg), which was carried
forward into the next step without further purification.

Step 7: Synthesis of 9-((3 aR,4R,6R,6aR)-6-((((1s,
3R)-3-(2-(5-(tert-butyl)-1H-benzo[d]imidazol-2-y1)
ethyl)cyclobutyl)(isopropyl)amino)methyl)-2,2-dim-

ethyltetrahydro furo[3,4-d][1,3]dioxol-4-y1)-9H-
purin-6-amine

A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-((1R,
35)-3-((((3aR,4R,6R,6aR )-6-(6-amino-9H-purin-9-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)(iso-
propyl)amino)cyclobutyl)propanamide (110 mg) in AcOH
(15 ml) was heated at 65° C. overnight. The mixture was
concentrated, saturated NaHCO; solution (20 ml) was added
and the mixture was extracted with DCM (20 mlx3). The
combined organic layers were dried over Na,SO, and con-
centrated to give the title compound (100 mg crude). ‘H NMR
(500 MHz, CDCl,): §,, 8.36 (s, 1H), 7.94 (s, 1H), 7.48-7.27
(m, 3H), 6.07 (d, J=1.5 Hz, 1H), 5.64-5.58 (m, 3H), 5.02 (dd,
J=3.0, 6.0 Hz, 1H), 4.30 (brs, 1H), 3.38-3.37 (m, 1H), 2.97-
2.95 (m, 1H), 2.76-2.55 (m, 3H), 1.97-1.74 (m, SH), 1.67-
1.57 (m, 5H), 1.45-1.40 (m, 12H), 0.99 (d, J=6.5 Hz, 3H),
0.83 (d, J=6.5 Hz, 3H) ppm; ESI-MS (m/z): 603.5[M+1]*.

Step 8: Synthesis of Compound 3

A solution of 9-((3 aR,4R,6R,6aR)-6-((((1s,3R)-3-(2-(5-
(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(isopropyl)amino)methyl)-2,2-dimethyltetrahydro furo[3,4-
d][1,3]dioxol-4-y])-9H-purin-6-amine (190 mg) in HCV/
MeOH (2.5 mol/L)) (15 mL) was stirred at RT for 2 h and
concentrated to dryness. K,COj; (161 mg) in water (0.5 mL)
and MeOH (5 mL) were added. The resulting mixture was
stirred for another 10 min at RT then filtered. The filtrate was
concentrated and the residue was purified by preparative
HPLC (xbridge 30 mm™*150 mm, Mobile phase: A: water (10
mM NH4HCO3) B: CAN, Gradient: 35-45% B in 10 min,
45-45% B in 6 min, stop at 20 min, Flow rate: 50 ml/min) to
give Compound 3 (65 mg, yield: 70%) as a white solid.
'HNMR (500 MHz, MeOD): 8, 8.29 (s, 1H), 8.19 (s, 1H),
7.47-7.28 (m, 3H), 5.95 (d, J=4.5 Hz, 1H), 4.744-4.724 (m,
1H), 4.27-4.26 (m, 1H), 4.07-4.06 (m, 1H), 3.56 (brs, 1H),
3.01-2.78 (m, SH), 2.17 (brs, 2H), 2.00-1.93 (m, 2H), 1.80-
1.79 (m, 2H), 1.36 (s, 9H), 1.02 (d, J=5.5 Hz, 3H), 0.95 (d,
J=6.0 Hz, 3H) ppm; ESI-MS (mv/z): 563.5 [M+1]".
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Example 4

Synthesis of (2R,3R.4S,5R)-2-(6-amino-9H-purin-9-
yD-5-((((1s,3R)-3-(2-(5-chloro-6-(trifluoromethyl)-
1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)(isopro-
pyDamino)methyl)tetrahydrofuran-3,4-diol
(Compound 4)

Step 1: Synthesis of N-(2-amino-4-chloro-5-(trifluo-
romethyl)phenyl)-3-((1R,3s)-3-((((32R,4R,6R,6aR )-
6-(6-amino-9H-purin-9-yl)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)
amino)cyclobutyl)propanamide

Cl

To a solution of 3-((1R,3s)-3-((((32R,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)pro-
panoic acid (250 mg, 0.53 mmol) in DCM (30 ml) was added
4-chloro-5-(trifluoromethyl)benzene-1,2-diamine (221 mg,
1.05 mmol), EDCI (201 mg, 1.05 mmol), HOBT (142 mg,
1.05 mmol) and TEA (320 mg, 3.15 mmol). The mixture was
stirred at RT overnight, upon which saturated NaHCO; solu-
tion (20 ml) was added and the mixture was extracted with
DCM (20 mlx3). The combined organic layers were dried
over Na,SO,, filtered and concentrated. The crude was puri-
fied via preparative-TLC (DCM:MeOH=12:1) to afford the
title compound (250 mg crude).

Step 2: Synthesis of 9-((3aR,4R,6R,6aR)-6-((((1s,
3R)-3-(2-(5-chloro-6-(trifluoromethyl)-1H-benzo[ d]
imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)amino)
methyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-y1)-9H-purin-6-amine

Cl
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A solution of N-(2-amino-4-chloro-5-(trifluoromethyl)
phenyl)-3-((1R,35)-3-((((32R,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(isopropyl)amino)cyclobutyl)propanamide
(250 mg) in AcOH (15 ml) was heated to 65° C. overnight.
The mixture was concentrated, saturated NaHCO; solution
(20 ml) was added and the mixture was extracted with DCM
(20 mlx3). The combined organic layers were dried over
Na,SO, and concentrated to give the title compound (200 mg
crude).

Step 3: Synthesis of Compound 4

A solution of 9-((3aR,4R,6R,6aR)-6-((((1s,3R)-3-(2-(5-
chloro-6-(trifluoromethyl)-1H-benzo[d]imidazol-2-yl)
ethyl)cyclobutyl)(isopropyl )amino)methyl)-2,2-dimeth-
yltetrahydrofuro[3,4-d][1,3]dioxo0l-4-y1)-9H-purin-6-amine
(200 mg) in HCI/MeOH (2.5 mol/L)) (15 mL) was stirred at
RT for 2 h upon which it was concentrated to dryness. K,CO;
(166 mg) in water (0.5 mL) and MeOH (5 mL) were added
and the resulting mixture was stirred for another 10 min at RT.
The mixture was filtered and the filtrate was concentrated.
The residue was purified by preparative-HPLC to give Com-
pound 4 (80 mg, yield: 43%) as a white solid. 'HNMR (500
MHz, MeOD): 9,,8.29 (s, 1H), 8.19(s, 1H), 7.88 (s, 1H), 7.68
(s, 1H), 5.96 (d, I=4.0 Hz, 1H), 4.748-4.730 (m, 1H), 4.284-
4.263 (m, 1H), 4.09 (br s, 1H), 3.65-3.50 (m, 1H), 3.03-2.85
(m, 5H), 2.191-2.176 (m, 2H), 2.03-2.00 (m, 2H), 1.80 (brs,
2H), 1.02 (d, J=6.0 Hz, 3H), 0.96 (d, J=6.6 Hz, 3H) ppm;
ESI-MS (/z): 609.2 [M+1]".

Example 5

Synthesis of (2R,3R.4S,5R)-2-(6-amino-9H-purin-9-
yD-5-((((1r,3S)-3-(2-(5-chloro-6-(trifluoromethyl)-
1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)(isopro-
pyDamino)methyl)tetrahydrofuran-3,4-diol
(Compound 5)

Step 1: Synthesis of N-(2-amino-4-chloro-5-(trifluo-
romethyl)phenyl)-3-((18,3r)-3-((((3aR,4R,6R ,6aR )-
6-(6-amino-9H-purin-9-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)
amino)cyclobutyl)propanamide

Cl

FsC

To a solution of 3-((1S,3r)-3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)pro-
panoic acid in DCM:DMF=15:1 (30 ml) was added 4-chloro-
S5-(trifluvoromethyl)benzene-1,2-diamine (334 mg, 1.60
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mmol), EDCI (304 mg, 1.60 mmol), HOBT (215 mg, 1.60
mmol) and TEA (483 mg, 4.80 mmol). The mixture was
stirred overnight at RT. The mixture was concentrated, satu-
rated NaHCO; solution (20 ml) was added and the resultant
mixture was extracted with DCM (20 m1x3). The combined
organic layers were dried over Na,SO, and concentrated. The
crude residue was purified via preparative TLC (DCM:
MeOH=12:1) to afford the title compound (220 mg).

Step 2: Synthesis of 9-((3aR,4R,6R,6aR)-6-((((1r,
3S)-3-(2-(5-chloro-6-(trifluoromethyl)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)amino)
methyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-y1)-9H-purin-6-amine

Cl

F5C

A solution of N-(2-amino-4-chloro-5-(trifluoromethyl)
phenyl)-3-((18,3r)-3-((((3 aR,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(isopropyl)amino)cyclobutyl)propanamide
(220 mg) in AcOH (15 ml) was heated at 65° C. overnight.
The mixture was concentrated, saturated NaHCO; solution
(20 ml) was added, and the mixture was extracted with DCM
(20 mlx3). The combined organic layers were dried over
Na,SO, and concentrated to give the title compound (190

mg).
Step 3: Synthesis of Compound 5

A solution of 9-((3aR,4R,6R,6aR)-6-((((1r,3S)-3-(2-(5-
chloro-6-(trifluoromethyl)-1H-benzo[d]imidazol-2-y1)
ethyl)cyclobutyl)(isopropyl )Jamino)methyl)-2,2-dimeth-
yltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-9H-purin-6-amine
(190 mg) in HCI/MeOH (2.5 mol/L) (15 mL) was stirred at
RT for 2 h then it was concentrated to dryness. K,CO; (161
mg) in water (0.5 mL.) and MeOH (5 mL) were added and the
resulting mixture was stirred for another 10 min at RT. The
mixture was filtered and the filtrate was concentrated. The
residue was purified by preparative-HPLC to give Compound
5 (90 mg, yield: 51%) as a white solid. 'HNMR (500 MHz,
MeOD): 9,, 8.29 (s, 1H), 8.19 (s, 1H), 7.88 (s, 1H), 7.67 (s,
1H), 5.95 (d, J=5.0 Hz, 1H), 4.736-4.716 (m, 1H), 4.268-
4.246 (m, 1H), 4.070-4.051 (m, 1H), 3.15 (brs, 1H), 3.00-2.71
(m, 5H), 2.17 (brs, 2H), 1.93-1.88 (m, 2H), 1.58-1.56 (m,
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2H), 1.01 (d, J=5.5 Hz, 3H), 0.95 (d, J=6.0 Hz, 3H) ppm;
BSI-MS (m/z): 609.2 [M+1]*.

Example 6

Synthesis of (2R,3R,4S,5R)-2-(4-amino-7H-pyrrolo
[2,3-d]pyrimidin-7-y1)-5-(((3-((5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)methyl)cyclobutyl)(methyl)
amino)methyl)tetrahydrofuran-3,4-diol
(Compound 6)

Step 1: Synthesis of 7-((3aR,4R,6R,6aR)-6-(azidom-
ethyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-
4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine

A solution of ((3aR,4R,6R,6aR)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methanol (2.83
g, 6.20 mmol) and triphenylphosphine (2.28 g, 8.68 mmol) in
dry tetrahydrofuran (32 mL) was cooled at 0° C. in an ice/
water bath. Diisopropyl azodicarboxylate (1.71 mL, 8.68
mmol) was added dropwise, followed by a solution of diphe-
nylphosphonic azide (1.87 mL, 8.68 mmol) in tetrahydrofu-
ran (5.3 mL, 66 mmol). Upon addition of the DPPA solution,
a white milky precipitate formed. After about 30 minutes, the
reaction mixture was allowed to warm to room temperature
and stir overnight. After 24 h, HPLC indicated that all the
starting material had been consumed. The reaction mixture
was concentrated to about ¥4 the original volume and purified
by flash chromatography (175 g silica gel, 10-55% EA/hept)
to yield the title compound (2.49 g, 83%) as a slightly yellow
stiff foam: MS (ESI+) for C,;H,,N,O5 nv/z 482.2 (M+H)*;
(ESI-) for C,3H,,N,O5 m/z 480.1 (M+H)", m/z 526.1
(M+CO,H)™; HPLC purity 97%.

Step 2: Synthesis of 7-((3aR,4R,6R,6aR )-6-(ami-
nomethyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo| 2,
3-d|pyrimidin-4-amine

NHDMB
=
O N / \N
H,N /
: /v —
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A solution of ((3aR,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(2.49 g, 5.17 mmol) in tetrahydrofuran (50 mL, 600 mmol)
was treated dropwise with a solution of 1.0 M of trimeth-
ylphosphine in tetrahydrofuran (7.24 mL,, 7.24 mmol) and the
mixture was stirred for 20 h. The reaction mixture was treated
withwater (1.80mlL, 99.9 mmol) and stirred at RT for 2 h. The
reaction mixture was concentrated, the crude product was
taken up in 90 mL. CH,Cl, and washed with four 30 mL
portions of H,O and 15 mL brine. The solution was dried over
Na,SO,, filtered and concentrated. The crude material was
purified by flash chromatography (120 g silica gel, 3-10% 7N
NH,; in CH,;OH/CH,Cl,) to yield the title compound (1.76 g,
75%) as a foam: MS (ESI+) for C,5;H,oNsO5 m/z 456.2
(M+H)™; (ESI-) for C,4H;5sN;05 m/z 454.1 (M-H)™; HPLC
purity 92% (ret. time, 2.65 min).

Step 3: Synthesis of methyl 2-(3-((((3aR,4R,6R,
6aR)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-pyr-
rolo[2,3-d|pyrimidin-7-yl)-2,2-dimethyltetrahydro
furo[3,4-d][1,3]dioxol-4-yl)methyl)amino)cyclobu-

tyl)acetate
NHDMB
MeO,C =
e
/\D\ 5 ! / \N
N /

A solution 7-((3aR,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(400 mg, 0.88 mmol) and methyl 2-(3-oxocyclobutyl)acetate
(100 mg, 0.70 mmol) [prepared using the procedure found in
US Patent Application Publication 2009/0118287] in 1,2-
dichloroethane (12 mL) was treated dropwise with acetic acid
(50 uL, 0.88 mmol). The solution was treated with sodium
triacetoxyborohydride (260 mg, 1.2 mmol) in one portion and
allowed to stir at room temperature until complete by HPLC.
After 4 h, HPLC indicated the reaction was about 80% com-
plete. An additional 20 mg of ketone was added and stirring
was continued for 2.5 h. The reaction mixture was diluted
with 30 mL. CH,Cl, and washed with 15 mL sat NaHCO,.
The aqueous phase was washed with 15 ml. CH,Cl, and the
combined organic phase was dried over Na,SO,. The organic
phase was filtered and concentrated to yield a light yellow
glass that was purified by flash chromatography (70 g silica
gel; 2% 7N NH; in CH;OH/CH,Cl,) to yield the title com-
pound (270 mg, 66%) as a colorless glass: MS (ESI+) for
C;oH;oNsO, m/z 582.2 (M+H)*; HPLC purity >95% (ret.
time, 2.88 min).
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Step 4: Synthesis of methyl 2-(3-((((3aR,4R,6R,
6aR)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(methyl)amino)
cyclobutyl)acetate

NHDMB
MeO,C =
2
/\& o A\,
N
N N~

A solution of methyl 2-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)me-
thyl)amino)cyclobutyl)acetate (267 mg, 0.459 mmol) in
methanol (12 mL) was treated with sodium cyanoborohy-
dride (380 mg, 6.1 mmol). The pH of the solution was
adjusted to ~6 by the dropwise addition of a 10% (v/v) solu-
tion of glacial acetic acid in methanol. The mixture was
treated with 37% formaldehyde (0.57 mL, 7.6 mmol) drop-
wise and the mixture was stirred at room temperature for 1 h
at which time, HPLC indicated the starting material was
consumed. The reaction mixture was concentrated to remove
the methanol. The aqueous solution that remained was diluted
with 25 mL. NaHCO; and the aqueous phase was extracted
with three 20 mL portions of CH,Cl,. The organic phase was
washed with 20 mL sat NaHCO,, dried over Na,SO,,, filtered
and concentrated to yield the title compound (272 mg, 100%)
as a colorless stiff foam which was found to be of sufficient
purity for use in the next step: MS (ESI+) for C;,H, N;O,
m/z 596.5 M+H)*; HPLC purity >95% (ret. time, 2.89 min).

Step 5: Synthesis of 2-(3-((((3aR,4R,6R,6aR)-6-(4-
((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]
pyrimidin-7-y1)-2,2-dimethyltetrahydrofuro[3,4-d][1,
3]dioxol-4-yl)methyl)(methyl )amino)cyclobutyl)
acetic acid

HOC /\Q

A solution of methyl 2-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)me-
thyl)(methyl)amino)cyclobutyl)acetate (270 mg, 0.453
mmol) in methanol (8.6 mL) was treated dropwise with a
solution of sodium hydroxide (36 mg, 0.91 mmol) in water
(0.9 mL, 50 mmol) and the mixture was heated at 50° C. After
17h, HPLC indicated the reaction was complete. The reaction
mixture was cooled to room temperature and treated with
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0.91 mL 1.0N HCI to adjust the pH to ~7. The solution was
concentrated to remove the methanol and the resulting aque-
ous suspension was lyophilized to yield a white solid. The
material was used as is in the next step, assuming a quantita-
tive recovery: MS (ESI+) for C; H;oN;O, m/z 582.4
(M+H)*; MS (ESI-) for C;;H3N.O, m/z 580.4 (M-H)™;
HPLC purity >95% (ret. time, 2.72 min).

Step 6: Synthesis of N-(2-amino-4-(tert-butyl)phe-
nyl)-2-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo| 2,3-d]pyrimidin-7-y1)-2,

2-dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-y1)

methyl)(methyl)amino)cyclobutyl)acetamide

§\H/\D\ - NHDMB
N

. 0 N © I\Q/_<N

Bu | N=/

A solution of 2-3-((((3aR,4R,6R,6aR)-6-(4-((2,4-

dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
yD)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)me-
thyl)(methyl)amino)cyclobutyl)acetic acid and 4-tert-
butylbenzene-1,2-diamine (89.4 mg, 0.545 mmol) in N,N-
dimethylformamide (4.5 ml) was treated with N,N-
diisopropylethylamine (0.261 mlL, 1.50 mmol) dropwise
followed by N,N,N'N'-tetramethyl-O-(7-azabenzotriazol-1-
yhuronium hexafluorophosphate (259 mg, 0.681 mmol). The
solution was allowed to stir at room temperature for 18 h
during which time LCMS indicated the starting material had
been consumed. The reaction mixture was concentrated
under high vac. The residue was taken up in 30 mL ethyl
acetate and 20 mL 1/1 H,0O/sat NaHCOj; solution. The mix-
ture was extracted and the aqueous phase was washed with 35
ml ethyl acetate. The combined organic phase was washed
with two 20 mL portions of H,O, and 20 mL brine. The
organic phase was dried over Na,SO,, filtered and concen-
trated to yield a tannish brown glass/stiff foam. The crude
material was purified by flash chromatography (35 g silica
gel; 4% 7N NH; in CH;OH/CH,Cl,) to yield the title com-
pound (272 mg, 82%) as a light tan glass/stiff foam which was
a mixture of regioisomeric amides: MS (ESI+) for
C, Hs3N,Ogm/z728.8 (M+H)"; MS (ESI-) for C,, Hs;sN, Oy
m/z726.9 (M-H)™; HPLC purity >95%, (ret. time, 3.14,3.17
min) two peaks observed due to amide regioisomers.

Step 7: Synthesis of 7-((3aR,4R,6R,6aR)-6-(((3-((5-
(tert-butyl)-1H-benzo[d]imidazol-2-yl)methyl)cy-
clobutyl)(methyl)amino )methyl)-2,2-dimethyltet-

rahydrofuro[3,4-d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-

amine
NHDMB
N\
O, N. / A N
Bu NH N
| N =/
6. o
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N-(2-amino-4-(tert-butyl)phenyl)-2-(3-((((3aR,4R,6R,
6aR)-6-(4-((2.,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-
d]pyrimidin-7-yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3]
dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)acetamide
(272 mg, 0.374 mmol) was taken up in acetic acid (7.2 mL)
and the solution was heated at 65° C. After 1.5 h, HPLC
indicated the reaction was complete. The reaction was cooled
to room temperature and the solvent removed under high vac.
The residue was taken up in 35 mL. CH,Cl, and the organic
phase was washed with 25 mL sat NaHCO; solution and 20
mL 2% Na,CO, solution. The organic phase was dried over
Na,SO,, filtered and concentrated to yield a light tan glass/
stiff foam. The crude material was purified by flash chroma-
tography (30 g silica gel; 4% 7N NH, in CH,;OH/CH,Cl,) to
yield the title compound (224 mg, 84%) as a light tan glass
which was a mixture of cis and trans diastereomers about the
cyclobutyl ring: MS (ESI+) for C,,H;,N.O; m/z 710.6
(M+H)*; MS (ESI-) for C,,H,N.O; m/z 708.7 (M-H);
HPLC purity >95% (ret. time, 3.29, 3.33 min), two peaks
observed due to diastereomers about the cyclobutyl ring.

Step 8: Synthesis of Compound 6

7-((3aR,4R,6R,6aR)-6-(((3-((5-(tert-butyl)-1H-benzo[d]

imidazol-2-yl)methyl)cyclobutyl)(methyl)amino)methyl)-2,
2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(170 mg, 0.24 mmol) was dissolved in a mixture of trifluo-
roacetic acid (5.0 mL) and water (0.5 mL) which had been
precooled at 0° C. in an ice bath. The solution was stirred at 0°
C. for 30 minutes, and warmed to room temperature. After 5
h at room temperature, the now very pink reaction mixture
was concentrated. The residue was taken up in 10 m[. MeOH
and concentrated. This procedure was repeated twice and the
residue placed on high vac for 1 h. The material was taken up
in 7 mlL MeOH and was treated with 130 mg K,CO; and five
drops of water. The mixture was allowed to stir for 1 hr, during
which time the solution was found to be basic. The mixture
was filtered through a fine frit, the solids were washed with 10
ml, MeOH and the filtrate was concentrated to yield a nearly
colorless solid. The crude material was purified by flash chro-
matography (30 g silica gel; 12% 7N NH; in CH,OH/
CH,Cl,) to yield Compound 6 (81 mg, 65%) as a colorless
glass/stiff foam: MS (ESI+) for C,3H;,N,O; m/z 520.4
(M+H)"; MS (ESI-) for C,.H;,N,O; m/z 518.5 (M-H);
HPLC purity >95% (ret. time, 2.51 min); *"H NMR (400 MHz,
d4-MeOH) &, ppm 8.08 (s, 1H), 7.48 (br. s., 1H), 7.39 (d,
J=8.50Hz, 1H), 7.29 (dd, J=8.40, 4.87 Hz, 1H), 6.63 (m, 1H),
6.12 (d,J=4.15Hz, 1H), 4.40 (m, 1H), 4.09 (m, 2H), 3.15 (m,
0.5H),3.02 (d, J=8.09 Hz, 1H), 2.92 (d, J=7.26 Hz, 1H), 2.84
(m, 0.5H), 2.65 (m, 2H), 2.43 (m, 1H), 2.29 (m, 1H), 2.20 (d,
J=5.80Hz, 3H), 2.13 (m, 1H), 1.99 (br. 5., 1H), 1.67 (m, 1H),
1.37 (d, J=3.94 Hz, 9H), 1.30 (dd, J=13.99, 4.66 Hz, 1H).
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Example 7

Synthesis of (1R,2S,3R,5R)-3-(4-amino-7H-pyrrolo
[2,3-d]pyrimidin-7-y1)-5-(((3-(2-(6-chloro-5-(trifluo-
romethyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)(methyl)amino)methyl)cyclopentane-1,2-diol
(Compound 7)

Step 1: Synthesis of
4,6-dichloro-5-(2,2-diethoxyethyl)pyrimidine

OEt

EtO

Cl Cl

A

N\/ N
Title compound was prepared by the method of Montgom-

ery, see: Montgomery, J. A.; Hewson, K. J. Med. Chem. 10,
665 (1967).

Step 2: Synthesis of (1R,28,3R,5R)-3-((6-chloro-5-
(2,2-diethoxyethyl)pyrimidin-4-yl)amino)-5-(hy-
droxymethyl)cyclopentane-1,2-diol

OEt
N OEt
HO 7 N\_-Cl

A mixture of 4,6-dichloro-5-(2,2-diethoxyethyl)pyrimi-
dine (5.35 g, 20.2 mmol) and (1R,2S,3R ,4R)-2,3-dihydroxy-
4-(hydroxymethyl)cyclopentanaminium chloride (9.29 g,
24.3 mmol) was taken up in ethanol (236 mL), treated with
Et;N (11.2 mL, 80.8 mmol) and heated at reflux for 23 h;
HPLC/LC MS indicated consumption of starting materials
and presence of product. The reaction mixture was concen-
trated to afford a tan slurry, which was carried on crude: MS
(ESI+) for C, (H,,CIN,O5 m/z376.2 (M+H)"; MS (ESI-) for
C,cH,(CIN,O, m/z 374.2 (M-H)~; HPLC purity >95% (ret.
time, 2.436 min). Variation on route from J. Med. Chem. 10,
665 (1967).

Step 3: Synthesis of (1R,2S,3R,5R)-3-(4-chloro-7H-

pyrrolo[2,3-d|pyrimidin-7-yl)-5-(hydroxymethyl)
cyclopentane-1,2-diol

Cl
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A suspension of crude (1R,2S,3R,5R)-3-((6-chloro-5-(2,
2-diethoxyethyl)pyrimidin-4-yl)amino)-5-(hydroxymethyl)
cyclopentane-1,2-diol in 1,4-dioxane (160 mL) was treated
with a 1 M aqueous solution of HCI (30 in L, 30 mmol) and
stirred at RT for 69.5 h; HPLC indicated clean conversion to
one product, LC MS showed mass for desired product. The
reaction mixture was neutralized with concentrated aqueous
NH,OH (to pH 7) and the volatiles were removed in vacuo to
afford a brown slurry, which was carried on without further
purification: MS (ESI+) for C,,H,,CIN;O, m/z 284.1
(M+H)"; MS (ESI-) for C,,H,,CIN;0, m/z 282.2 (M-H)",
328.2 (M+HCO,)™; HPLC purity >95% (ret. time, 1.947
min). Variation on route from J. Med. Chem. 10, 665 (1967).

Step 4: Synthesis of ((3aR,4R,6R,6aS)-6-(4-chloro-
7H-pyrrolo| 2,3-c[pyrimidin-7-yl)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-yl)metha-

nol
N cl
"a%ne
Na
0. o)

A mixture of crude (1R,2S,3R,5R)-3-(4-chloro-7H-pyr-
rolo[2,3-c]pyrimidin-7-y1)-5-(hydroxymethyl)cyclopen-
tane-1,2-diol (10 g, ~20 mmol, 54% pure by NMR) and
2,2-dimethoxypropane (100 mL, 800 mmol) was treated with
p-toluenesulfonic acid monohydrate (7.28 g, 38.3 mmol) and
the yellow-brown reaction mixture was stirred vigorously for
1.25 h, at which time the only solids were a fine tan precipi-
tate. HPLC indicated nearly complete consumption of the
starting material. The reaction mixture was diluted with water
(30 mL) and neutralized with solid NaHCO; (4.80 g, 57.1
mmol). The volatiles were carefully removed in vacuo and the
resulting brown aqueous solution was extracted with EtOAc
(3x100 mL). The combined organics were dried (Na,SO,)
and concentrated in vacuo to afford a tan paste. Purification
by column chromatography (4x22 cm silica; 0-66% EtOAc/
Hex) afforded the title compound (4.38 g, 70%, one step) as a
colorless foam/glass: MS (ESI+) for C, H,;;CIN;O, m/z
324.2 (M+H)*; MS (ESI-) for C,sH,;CIN;O; m/z 368.2
(M+HCO,)™; HPLC purity >95% (ret. time, 3.034 min).

Step 5: Synthesis of 7-((3aS,4R,6R,6aR)-6-(azidom-
ethyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,
3]dioxol-4-yl)-4-chloro-7H-pyrrolo[2,3-d]pyrimidine

((3aR,4R,6R,6a8)-6-(4-chloro-7H-pyrrolo[2,3-d]pyrimi-
din-7-yl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]di-
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oxol-4-yl)methanol (2.68 g, 8.28 mmol) was dissolved in
THF (32 mL), treated with PPh, (3.05 g, 11.6 mmol), and the
reaction vessel was cooled in an ice-brine bath. Diisopropyl
azodicarboxylate [DIAD] (2.3 mL, 12 mmol) was added
dropwise via syringe and the mixture was stirred for 10 min.
A solution of diphenylphosphonic azide [DPPA] (2.50 mL,,
11.6 mmol) in THF (7.8 mL.) was added dropwise via syringe
to afford a off-white mixture, which was stirred for 21 h,
allowing the ice bath to warm to RT; HPLC/LC MS indicated
complete consumption of starting material and formation of
product. At 22.5 h the reaction mixture was concentrated in
vacuo and purified by column chromatography (4x22 cm
silica; 0-25% EtOAc/Hex) to afford the title compound (2.27
g, 78%) as a clear, colorless oil: MS (ESI+) for
CsH,,CIN,O, m/z 3492 (M+H)"; MS (ESI-) for
C,sH,,CIN,O, m/z 393.2 (M+HCO,)™; HPLC purity >95%
(ret. time, 4.169 min).

Step 6: Synthesis of 7-((3aS,4R,6R,6aR)-6-(azidom-

ethyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,

3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo
[2,3-d]pyrimidin-4-amine

A solution of 7-((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]|dioxol-4-y1)-4-
chloro-7H-pyrrolo[2,3-d]pyrimidine and 2,4-dimethoxyben-
zylamine (1.2 ml,, 7.8 mmol) in 1-butanol (18.6 mL) was
treated with N,N-diisopropylethylamine (1.4 mL, 7.8 mmol)
and heated at 80° C. for 22 h; HPLC/LC MS indicated ~90%
conversion to the desired product. The volatiles were
removed and the yellow-brown paste was taken up in CH,Cl,
(90 mL) and washed with water (2x30 mL) and brine (1x45
mL). The separated organic layer was dried (Na,SO,) and
concentrated in vacuo to afford an orange oil. Purification by
column chromatography (2x22 cm silica; 0-50% EtOAc/
Hex) afforded the title compound (2.23 g, 72%) as a pale
yellow glass/foam: MS (ESI+) for C,,H,,N,O, m/z 480.5
M+H)*; MS (ESI-) for C,,H,,N.O, m/z 5243
(M+HCO,)™; HPLC purity >95% (ret. time, 3.551 min).

Step 7: Synthesis of 7-((3aS,4R,6R,6aR)-6-(ami-
nomethyl)-2,2-dimethyltetrahydro-3aH-cyclopenta
[d][1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-

pyrrolo[2,3-d|pyrimidin-4-amine

Ol
_ Q
N
H,N 7 \ o
g E N\/N yd
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A solution of 7-((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxo0l-4-y1)-N-
(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine (2.23 g, 4.65 mmol) in THF (33 mL, 410 mmol) was
cooled to 0° C. and treated dropwise with a 1.0 M solution of
trimethylphosphine in THF (9.3 mL, 9.3 mmol). The cold
bath was removed and the reaction mixture was allowed to
warn to RT with stirring for 1 h; no starting material remained
by HPLC. At 1.5 h, water (4.3 mL, 240 mmol) was added and
the reaction mixture was stirred for 1 h 15 min; TLC indicated
one product. The reaction mixture was concentrated in vacuo
to afford a light orange paste. The residue was diluted with
CH,Cl, (120 mL) and washed with water (2x40 mL) and
brine (1x40 mL). The organic layer was dried (Na,SO,) and
concentrated in vacuo to afford an orange oil. Purification by
column chromatography (2x22 cm silica; 0-5% 7 N NH; in
CH,;0OH/CH,C1,) afforded the title compound (1.97 g, 53%
over 3 steps) as a colorless foam: MS (ESI+) for C,,H;, NSO,
m/z 4543 (M+H)*; HPLC purity >95% (ret. time, 2.541
min).

Step 8: Synthesis of ethyl
3-(2,2-dichloro-3-oxocyclobutyl )propanoate

Cl

Cl

O\/

O

A mixture of 4-pentenoic acid ethyl ester (7.07 g, 55.2
mmol) and zinc-copper couple (10.2 g, 140 mmol) in diethyl
ether (170 mL) and 1,2-dimethoxyethane (25 mL.) was treated
dropwise with trichloroacetyl chloride (25 g, 140 mmol). The
mixture was stirred at room temperature for 3 days. The
reddish heterogeneous reaction mixture was filtered through
apad of celite and the pad was washed with 300 mLL Et,O. The
filtrate was concentrated to about one half the original volume
and the organic phase was washed with two 150 mL portions
of H,O and one 150 mL portion of sat NaHCO;. The organic
phase was dried over MgSQ,, filtered and concentrated to
yield a brown liquid. The material was purified by vacuum
distillation (90-100° C. @0.044 torr) to yield the title com-
pound (10.49 g, 80%) as a light yellow liquid: GC purity
95.8% (ret. time, 4.92 min).

Step 9: Synthesis of ethyl
3-(3-oxocyclobutyl)propanoate

[@]
WL—K/YO\/
@]

A solution of ethyl 3-(2,2-dichloro-3-oxocyclobutyl)pro-
panoate (10.49 g, 43.87 mmol) and ammonium chloride (12
g, 220 mmol) in methanol (310 m[., 7600 mmol) was treated
in small portions with zinc powder (14 g, 220 mmol). The
reaction mixture was heated at reflux for 3 h after which time
GC indicated the reaction was complete. The reaction mix-
ture was cooled to room temperature and was filtered through
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Celite, washing the pad with Et,O. The filtrate was concen-
trated in vacuo to afford pale yellow solution. The solution
was diluted with 200 mL. Et,O and washed with 100 mL
water. The separated aqueous layer was back extracted with
100 mL Et,O and the combined organic phase was washed
with 100 mL 1:1 water/brine, 50 mL water, and 150 mL
saturated aqueous NaHCO,;. The organic layer was dried over
MgSO,, filtered and concentrated in vacuo to afford the title
compound (4.49 g, 60%) as a pale yellow oil which was of
sufficient purity for use in the next step: GC purity >95% (ret.
time, 4.24 min).

Step 10: Synthesis of 3-(3-oxocyclobutyl)propanoic
acid

OH

O

A solution of ethyl 3-(3-oxocyclobutyl)propanoate (200
mg, 1.18 mmol) in methanol (4 mL) was treated with water
(0.75 mL) and a 2N solution of sodium hydroxide (0.75 mL,
1.41 mmol) and the solution was heated at 55° C. till the
starting material was consumed by TLC (25% EA/hept).
After 1 hthe starting material was found to be consumed. The
reaction mixture was cooled to room temperature and con-
centrated to remove the MeOH. The aqueous phase was
diluted with 2 mLL H,O and made acidic to pH~2 with 1IN
HCI. The solution was saturated with NaCl and extracted with
three 10 mL portions of ethyl acetate. The organic phase was
dried over Na,SQO,, filtered and concentrated to yield the title
compound (157 mg, 94%) as a light orange viscous oil that
was used as is in the next step: GC purity 63.2% (ret. time,
4.27 min).

Step 11: Synthesis of N-(2-amino-4-chloro-5-(trit-

luoromethyl)phenyl)-3-(3-oxocyclobutyl)propana-
mide

NH,

Zm

Cl
F5C

A solution of 3-(3-oxocyclobutyl)propanoic acid (157 mg,
0.696 mmol) and 4-chloro-5-(trifluoromethyl)benzene-1,2-
diamine (146 mg, 0.696 mmol) in N,N-dimethylformamide
(2.5 mL) was cooled at 0° C. The solution was treated with
N,N-diisopropylethylamine (0.364 mL, 2.09 mmol) drop-
wise followed by N,N,N',N'-tetramethyl-O-(7-azabenzotria-
zol-1-yluronium hexafluorophosphate (291 mg, 0.765
mmol) in one portion. The solution was allowed to stir and
slowly wane to room temperature. After 40 h, the reaction
mixture was concentrated partially under high vac. The
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remaining brown liquid was taken up in 25 m[. EA and 15 mL
1/1 sat NaHCO,/H,O and extracted. The aqueous phase was
washed with two 15 mL portions of ethyl acetate and the
combined organic phase was washed with 30 mL portions of
H,O and brine. The organic phase was dried over MgSO,,
filtered and concentrated to yield a tannish brown viscous
oil/glass. The crude material was purified by flash chroma-
tography (40 g silica gel, 50-80% EA/hept) to yield the title

compound (72 mg, 31%) as a slightly tan glass/stiff foam: MS 0

(ESI+) for C, H,,CIF;N,0, m/z 335.2 (M+H)*; MS (ESI-)
for C,H,,CIF;N,O, nvz 3333 (M-H)"; HPLC purity
78.2% (ret. time, 3.56 min).

Step 12: Synthesis of 3-(2-(6-chloro-5-(trifluorom-
ethyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tanone

NH

cl
CF3

N-(2-amino-4-chloro-5-(trifluoromethyl)phenyl)-3-(3-
oxocyclobutyl)propanamide (72 mg, mmol) was taken up in
acetic acid (3.2 mL) and the solution was heated at 65° C. for
26 h, upon which HPLC indicated the starting material was
consumed and a new product had formed. The reaction mix-
ture was cooled and the solvent was removed under high vac.
The light brown residue was taken up in 20 mL ethyl acetate
and the organic phase was washed with 10 mL portions of sat
NaHCO; and H,O. The organic phase was dried over
Na,SO,, filtered and concentrated to yield a light brown
glass. The crude material was purified by prep TLC (20
cmx20 cmx1.0 mm prep TLC plate, 3% MeOH/EA) to yield
the title compound (45 mg, 66%) as a tan glass: MS (ESI+) for
C.,H,,CIF;N,O m/z 3172 (M+H)*; MS (ESI-) for
C,,H,,CIF;N,0 nv/z 315.2 (M-H)~; HPLC purity 84.1%
(ret. time, 2.98 min).

Step 13: Synthesis of 7-((3aS,4R,6R,6aR)-6-(((3-(2-
(6-chloro-5-(trifluoromethyl)-1H-benzo[d]imidazol-
2-yl)ethyl)cyclobutyl)amino)methyl)-2,2-dimeth-
yltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y1)-N-
(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-
4-amine

NHDMB

=z

o

P

Tz

Y

11y
w

O
(@)
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A solution of 7-((3aS,4R,6R,6aR)-6-(aminomethyl)-2,2-

dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y1)-N-

(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-

amine (80 mg, 0.18 mmol) and 3-(2-(6-chloro-5-
5 (trifluvoromethyl)- 1H-benzo[d]imidazol-2-yl)ethyl)
cyclobutanone (45 rug, 0.14 mmol) in 1,2-dichloroethane
(2.4 mL) was treated dropwise with acetic acid (10 uL,, 0.18
mmol). The solution was treated with sodium triacetoxyboro-
hydride (53 mg, 0.25 mmol) in one portion and allowed to stir
at room temperature till complete by HPL.C. After 4 h, the
reaction mixture was diluted with 10 mL. CH,Cl, and washed
with 10 mL. sat NaHCO,;. The aqueous phase was washed
with 10 mI, CH,Cl, and the combined organic phase was
dried over Na,SO,. The solution was filtered and concen-
trated to yield a light tan glass/stiff foam. The crude material
was purified by flash chromatography (25 g silica gel; 5% 7N
NH,; in CH,OH/CHC],) to yield the title compound (76 mg,
71%) as a colorless glass/stiff foam: MS (ESI+) for
20 C3HusCIFN,O, m/z 7543 (M+H)"; MS (ESI-) for

C;H,,CIF,N. O, m/z 752.3 (M-H)~; HPLC purity 90.5%

(ret. time, 3.24 min).

Step 14: Synthesis of 7-((3aS,4R,6R,6aR)-6-(((3-(2-

25 (6-chloro-5-(triftuoromethyl)-1H-benzo[d]imidazol-
2-yDethyl)cyclobutyl)(methyl)amino)methyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine
30

F5C

35 ¢l

8

N
=3
m
W

45 A solution of 7-((3aS,4R,6R,6aR)-6-(((3-(2-(6-chloro-5-
(trifluoromethyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta
[d][1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo
[2,3-d]pyrimidin-4-amine (76 mg, 0.10 mmol) in methanol

50 (2.5 mL) was treated with sodium cyanoborohydride (84 mg,

1.3 mmol). The pH of the solution was adjusted to ~6 by the

dropwise addition of a 10% (v/v) solution of glacial acetic

acid in methanol. The mixture was treated with 37% aqueous
formaldehyde (0.12 mL, 1.7 mmol) dropwise and the mixture
was stirred at room temperature till complete by LCMS. After

2 h, the reaction was complete and the reaction mixture was

concentrated to remove the methanol. The aqueous solution

that remained was diluted with 7 m[L NaHCO; and the aque-
ous phase was extracted with three 10 mL portions of CH,Cl,.

60 The organic phase was dried over Na,SO,, filtered, and con-

centrated to yield a colorless stiff foam/glass. The crude mate-

rial was purified by flash chromatography (20 g silica gel; 4%

7N NH,; in CH,OH/CH,Cl,) to yield the title compound (62

mg, 80%) as a colorless glass: MS (ESI+) for

C3oHLsCIFN, O, nyz 768.0 (M+H)*; MS (ESI-) for

C3oH,sCIF;N, O, m/z 766.3 (M-H)™; HPLC purity 92.1%

(ret. time, 3.29 min).

o
o
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Step 15: Synthesis of Compound 7

7-((3aS,4R,6R,6aR)-6-(((3  chloro-5-(trifluoromethyl)-
1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)
methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]di-
oxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (60 mg, 0.078 mmol) was dissolved in a
mixture of trifluoroacetic acid (3.6 mL.) and water (0.4 mL)
which had been precooled at 0° C. in an ice bath. The solution
was stirred at 0° C. for 30 minutes, and then warmed to room
temperature. After 3 h at room temperature, HPL.C indicated
the reaction was complete. The now very pink reaction mix-
ture was concentrated. The residue was taken up in 10 mL
MeOH and concentrated. This procedure was repeated twice
and the residue placed on high vac for 1 h. The material was
taken up in 7 mL. MeOH and was treated with 120 mg K,CO,
and ten drops of water. The mixture was allowed to stir for 1
hr. The mixture was filtered through a fine frit, the solids were
washed with 10 mL. MeOH and the filtrate was concentrated
to yield a nearly colorless solid. The crude material was
purified by flash chromatography (30 g silica gel; 10-15% 7N
NH; in CH;OH/CH,Cl,) to yield Compound 7 (31 mg, 69%)
as a colorless glass/stiff foam: MS (ESI+) for
C,,H; CIF;,NO, ny/z 5783 (M+H)*; MS (ESI-) for
C,,H; ,CIF,N. O, m/z 576.4 (M-H)~; HPLC purity >95%
(ret. time, 2.57 min); IHNMR (400 MHz, d4-MeOD) &, 8.06
(s, 1H),7.89 (d,J=2.07 Hz, 1H), 7.69 (d,J=2.28 Hz, 1H), 7.21
(dd, I=3.42, 1.76 Hz, 1H), 6.59 (d, J=3.52 Hz, 1H), 4.33 (t,
J=6.84 Hz, 1H),3.89 (q, J=5.25 Hz, 1H), 3.03 (m, 0.5H), 2.89
(m, 2H), 2.70 (m, 0.5H), 2.49 (m, 1H), 2.40 (m, 2H), 2.27 (br.
s., 2H), 2.16 (d, J=7.26 Hz, 4H), 2.06 (m, 2H), 1.91 (m, 2H),
1.62 (m, 1H), 1.52 (m, 1H).

Example 8
Synthesis of Compounds 8-140

Compounds 8-140 were synthesized by methods similar to
those described for Examples 1-7 or by reaction schemes
depicted in the general schemes. Detailed descriptions of how
some of them were prepared are provided below. The MS and
NMR data of Compounds 2-140 are provided in Table 1 or
Examples provided herein.

Compound 8: 1-(3-((((2R,3S,4R,5R)-5-(6-amino-9H-pu-
rin-9-y1)-3,4-dihydroxytetrahydrofuran-2-yl)methyl)(me-
thyl)amino )cyclobutyl)-3-(4-(tert-butyl)phenyl)urea

Benzyl (3-oxocyclobutyl)carbamate

To a solution of 3-oxocyclobutanecarboxylic acid (1.0 g,
8.77 mmol)and DIEA (1.92 g, 14.92 mmol) in toluene (8 mL)
was added DPPA (2.89 g, 10.52 mmol) at rt. The mixture was
heated to 60° C. under Argon for 3 h, then benzyl alcohol
(1.14 g, 10.52 mmol) was added. The mixture was stirred at
60° C. overnight. The reaction was concentrated, the residue
was purified by SGC (PE:EA=8:1) to afford the desired com-
pound (240 mg, yield 50%). "H NMR (500 MHz, CDCl,): d,
7.38-7.33 (m, 5H), 5.12 (d, J=7.5 Hz, 2H), 4.34-4.33 (brs,
1H), 3.44-3.39 (m, 2H), 3.10-3.07 (brs, 2H) ppm; ESI-MS
(m/z): 220.2 [M+1]".
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benzyl(3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-purin-
9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)carbamate

To a solution of 9-((3aR,4R,6R,6aR)-2.2-dimethyl-6-
((methylamino)methyl)tetrahydrofuro[3,4-d][1,3]dioxol-4-
y)-9H-purin-6-amine (190 mg, 0.59 mmol) and benzyl
(3-oxocyclobutyl)carbamate (240 mg, 1.37 mmol) in MeOH
(5 mL) was added Ti[OCH(CH,),], (216 mg, 0.59 mmol).
The mixture was stirred at rt for 1 h. Then NaCNBH; (95 mg,
1.52 mmol) was added, the reaction was stirred at rt over-
night. The reaction was filtered and evaporated, the residue
was purified by prep-TLC (DCM:MeOH=20:1) to obtain the
desired compound (90 mg, yield 29%).

'HNMR (500 MHz, MeOD): §,,8.28 (s, 1H), 8.21 (s, 1H),
7.33-7.28 (m, 5H), 6.19 (d,J=2.0 Hz, 1H), 5.52-5.51 (m, 1H),
5.03 (s, 1H), 5.00-4.98 (m, 1H), 4.34 (t, J=3.5 Hz, 1H), 3.70
(m, 1H), 2.58-2.47 (m, 4H), 2.38-2.26 (m, 2H), 2.09 (s, 3H),
1.69-1.67 (m, 1H), 1.58 (s, 3H), 1.37 (s, 3H) ppm; ESI-MS
(m/z): 524.3 [M+1]".

N1-(((3aR,4R,6R,6aR)-6-(6-amino-9H-purin-9-yl)-
2,2-dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-y1)
methyl)-N1-methylcyclobutane-1,3-diamine

To a solution of benzyl (3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)carbamate
(190 mg, 0.17 mmol) and Pd(OH), (14 mg, 0.1 mmol) in
MeOH (5 mL) was charged with H,. The reaction was stirred
at 35° C. for 5 h. The reaction was filtered with Celite and
concentrated to dryness. The residue was purified by prep-
TLC (DCM:MeOH=10:1) to the desired compound (28 mg,
yield 42%). '"HNMR (500 MHz, MeOD): §,, 8.29 (s, 1H),
8.21 (s, 1H), 6.19 (d, J=2.0 Hz, 1H), 5.51 (dd, J=6.5 and 2.0
Hz, 1H), 5.00 (dd, J=6.0 and 3.5 Hz, 1H), 4.34 (d, J=8.5 Hz,
1H), 3.14-3.11 (m, 1H), 2.60-2.57 (m, 1H), 2.52-2.48 (m,
2H), 2.34-2.31 (m, 2H), 2.10 (s, 3H), 1.66 (q, I=10.0 Hz, 1H),
1.58 (s, 3H), 1.48 (q, J=10.0 Hz, 1H), 1.37 (s, 3H) ppm;
ESI-MS (m/z): 390.2[M+1]*.

1-(3-((((3 aR,4R,6R,6aR)-6-(6-amino-9H-purin-9-
yD)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-
yDmethyl)(methyl)amino)cyclobutyl)-3-(4-(tert-bu-

tyl)phenyl)urea

A solution of N1-(((3aR,4R,6R,6aR)-6-(6-amino-9H-pu-
rin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-
yDmethyl)-N1-methylcyclobutane-1,3-diamine (28 mg,
0.072 mmol) and TEA (22 mg, 0.22 mmol) in THF (3 mL)
was added dropwise 1-tert-butyl-4-isocyanatobenzene (18
mg, 0.11 mmol) in DCM (0.5 mL). The reaction was stirred
for 1 hour at room temperature. The reaction was concen-
trated and purified by Prep-TLC (twice, DCM:MeOH:
NH,OH=300:30:8, V/V) to obtain the desired compound (28
mg, Yield: 88%) as pale white solid. "H NMR (500 MHz,
MeOD): §,,8.29 (s, 1H), 8.24 (s, 1H), 7.28-7.22 (m, 4H), 6.25
(d, J=2.5 Hz, 1H), 5.52-5.50 (m, 1H), 5.07-5.05 (m, 1H),
4.46-4.44 (m, 1H), 3.88-3.85 (m, 1H), 2.97 (brs, 1H), 2.80-
2.78 (m, 2H), 2.48-2.42 (m, 2H), 2.30 (s, 3H), 1.84-1.82 (m,
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1H), 1.60 (s,3H), 1.58-1.56 (m, 1H), 1.39 (s, 3H), 1.28 (s, 9H)
ppm; ESI-MS (m/z): 565.3 [M+1]*.

1-(3-((((2R,38,4R,5R)-5-(6-amino-9H-purin-9-y1)-3,
4-dihydroxytetrahydrofuran-2-yl)methyl)(methyl) 5
amino)cyclobutyl)-3-(4-(tert-butyl)phenyl)urea

260

A solution of 1-(3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)-3-(4-(tert-butyl)
phenyl)urea (125 mg, 0.23 mmol) in TFA (0.90 mL.) and 0.10
ml of water were stirred for 1 hour at room temperature. The
reaction was concentrated to dryness, dissolved in MeOH (5
ml) and K,CO; (60 mg) in 0.5 mL. of water was added
dropwise. The reaction was stirred at rt for 0.5 h and concen-
trated to obtain the residue which was purified by prep-TLC

NH;
* 19 (DCM:MeOH:NH,OH=300:30:8, V/V) to obtain the desired
u u N Ay compound (75 mg, Yield: 65%) as pale white solid. 'H NMR
N N </ J (500 MHz, MeOD): 9,, 8.27 (s, 1H), 8.21 (s, 1H), 7.28-7.20
\ﬂ/ U\ o WY Sy (m, 4H), 6.00-5.99 (m, 1H), 4.77-4.75 (m, 1H), 4.28-4.23 (m,
0 N s 2H), 3.92-3.88 (m, 1H), 2.92 (brs, 1H), 2.83-2.81 (m, 2H),
| 2.59-2.56 (m, 2H), 2.32 (s, 3H), 1.74-1.64 (m, 2H), 1.27 (s,
i 3 9H) ppm; ESI-MS (m/z): 525.3 [M+1]".
HO OH
Compounds 9 and 12
NH,
as
F;C NH,
N\
\N
Cl NH,
i HOAT, HATU, TEA
5\w<'b DMTF, 1t, o/n
HO (6]
NH,
Z N

n
e

O,

F5C

NH,

HOAc

65°C., o/n
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-continued
NH,
and J
NNy
\N/\Q/ chiral HPLC
FiC ”
. N S
\ K
N
H
NH, NH,
2nd J nd J
N ~

\ N \ 3 N
N N N
FsC F+C
6 o)
cl

i\] >< Cl J\/é

N
H
i) 2.5M HCI i) 2.5M HCI
35°C.,2h 35°C.,2h
i) K2CO5 i) K2CO;
1t, 1h, MeOH 1t, 1 h, MeOH
NH, NH,
ad as
N N N N

Compound 9: (1R,28,3R,5R)-3-(4-amino-7H-pyr- Compound 12: (1R,2S,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(6- » rolo[2,3-d]pyrimidin-7-y1)-5-((((15,3R)-3-(2-(6-

chloro-5-(trifluoromethyl)-1 H-benzp[d] imidazol-2- chloro-5-(trifluoromethyl)-1H-benzo| d]imidazol-2-

yDethyl)cyclobutyl)(methyl)amino)methyl) .

. yDethyl)cyclobutyl)(methyl)amino)methyl)
cyclopentane-1,2-diol .
cyclopentane-1,2-diol
60
'HNMR (500 MHz, MeOD): §,,8.07 (s, 1H), 7.90 (s, 1H), 'HNMR (500 MHz, MeOD): §,,8.07 (s, 1H), 7.91 (s, 1H),
7.69 (s, 1H), 7.22 (d, I=3.5 Hz, 1H), 6.61 (d, J=3.5 Hz, 1H), 7.70 (s, 1H), 7.22 (d, J=3.5 Hz, 1H), 6.61 (d, J=4.0 Hz, 1H),
4.34 (t, J=6.5 Hz, 1H), 3.89 (t, J=5.0 Hz, 1H), 2.88 (1, I=7.0 434 (dd, J=7.0 and 6.0 Hz, 1H), 3.90 (t, J=5.0 Hz, 1H),
Hz, 2H), 2.74-2.68 (m, 1H), 2.55-2.49 (m, 1H), 2.46-2.35 (m,

3.05-3.00 (m, 1H), 2.92 (t, J=7.5 Hz, 2H), 2.55-2.49 (m, 1H),
2H), 2.32-2.22 (m, 3H), 2.17 (s, 3H), 2.00-1.90 (m, 3H), 65 2.47-2.35 (m, 2H), 2.32-2.22 (m, 1H), 2.20-2.02 (m, 8H),

1.68-1.60 (m, 1H), 1.58-1.48 (m, 2H) ppm; LC-MS (m/z): 1.93-1.86 (m, 2H), 1.70-1.60 (m, 1H) ppm; LC-MS (m/z):
578.3 [M+1]". 5783 [M+1]".
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Compounds 10 and 11

NH,
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g Ti(O-i-Pr)y, NaBH3CN,
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-continued
NH,
a
<
N N
Ny chiral HPLC
F5C
o_ o
) ~
N
H
NH, NH,
(1L (1L
SN ) x )
N N
N N
PO N4
F3C F;C
i“ X 7 X
N N )\/
H H
i) 2.5M HCI i) 2.5M HCI
35°C,2h 35°C,2h
i) K»CO3 i) K2CO3
1t, 1 h, MeOH 1t, 1 h, MeOH
NH, NH,
N \N) N \N)
~ N ~ N
F3C F;C
HO$ ZOH HOS ”’OH
) I
N N )\/
H H
Compound 10: (1R,2S8,3R,5R)-3-(4-amino-7H-pyr- Compound 11: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((methyl((1r,3S)-3-(2- 3 rolo[2,3-d]pyrimidin-7-y1)-5-((methyl((1s,3R)-3-(2-
(5-(triftuoromethyl)-1H-benzo[d]imidazol-2-y1) (5-(triftuoromethyl)-1H-benzo[d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)cyclopentane-1,2- ethyl)cyclobutyl)amino)methyl)cyclopentane-1,2-
diol diol
60

"H NMR (500 MHz, MeOD): 8,,8.06 (s, 1H), 7.79 (s, 1H),
7.62 (d,J=9.0 Hz, 1H), 7.47 (d, I=8.5 Hz, 1H), 7.20 (d, I=3.5
Hz, 1H), 6.59 (d, J=3.0 Hz, 1H), 4.33-4.30 (m, 1H), 3.88-3.86
(m, 1H1), 3.32-3.31 (m, 1H), 2.89-2.86 (m, 2H), 2.67-2.66 (m,
1H), 2.48-2.26 (m, 6H), 2.14 (s, 3H), 1.95-1.93 (m, 3H),
1.62-1.48 (m, 3H) ppm; LC-MS (/z): 544.3 [M+1]".

LFI NMR (500 MHz, MeOD): 3, 8.06 (s, 1H), 7.79 (s, 1H),

7.62 (d,J=8.5 Hz, 1H), 7.47 (d, J=8.5 Hz, 11), 7.20 (d, I=3.0

Hz, 1H), 6.59 (d, J=3.5 Hz, 1H), 4.33-4.31 (m, 1H), 3.90-3.87

65 (m, 1H), 3.01-3.0 (m, 1H), 2.92-2.89 (m, 2H), 2.48-2.03 (m,

13H), 1.93-1.89 (m, 2H), 1.63-1.61 (m, 1H) ppm; LC-MS
(m/z): 544.3 [M+1]*.
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Compound 13: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((methyl(3-(2-(5-(trif-
luoromethyl)-1H-benzo[d|imidazol-2-yl)ethyl)cy-
clobutyl)amino)methyl)cyclopentane-1,2-diol

N-(2-amino-4-(trifluoromethyl)phenyl)-3-(3-((((3aR,4R,
6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,
3-d]|pyrimidin-7-y1)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y)methyl)(methyl)amino)cyclobutyl)
propanamide

N F
F
HN F
%/O,’ D/\/KO

Oll..gj/\ll\I
N

MeO.

OMe

N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro-
nium Hexafluorophosphate (0.44 g, 1.2 mmol) was added to
asolution of 3-(3-((((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y])methyl)
(methyl)amino)cyclobutyl)propanoic acid (460 mg, 0.77
mmol), N,N Diisopropylethylamine (0.44 mL, 2.6 mmol) in
N,N-Dimethylformamide (5 mL). The reaction was stirred
overnight at RT, partially concentrated then NaHCO; (satu-
rated) was added. The aqueous layer was extracted 3x with
EtOAc and the combined organics were dried with MgSO,,,
filtered, concentrated and purified by flash chromatography
(DCM/7N NH; in MeOH 95:5) to give the desired compound
(0.34 g) as a solid.

N-(2,4-dimethoxybenzyl)-7-((3aS,4R,6R,6aR)-2,2-
dimethyl-6-((methyl(3-(2-(5-(trifluoromethyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)me-
thyl)tetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-y1)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine

MeO.
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N-(2-amino-4-(trifluoromethyl)phenyl)-3-(3-((((3aR 4R,

6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,
3-d]|pyrimidin-7-y1)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y])methyl)(methyl)amino)cyclobutyl)
propanamide (0.38 g, 0.50 mmol) and Acetic acid (5 ml) were
stirred overnight at 65° C. The volatiles were removed in
vacuo and remaining water was removed by azeotropic dis-
tillation with ethanol followed by 1 hour on high vacuum. The
resulting residue was partitioned between NaHCO; (satu-
rated) and DCM. The aqueous layer was extracted (3x) and
combined organics were dried with MgSO,,, filtered, concen-
trated and then purified by flash chromatography (DCM/7N
NH; in MeOH 93:7) to yield an off white foam.

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-((methyl(3-(2-(5-(trifluoromethyl)-
1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)
methyl)cyclopentane-1,2-diol

HO,
HOm |
s
PV,

NH,

Trifluoroacetic Acid (5 ml) added to a mixture of Water (0.5
ml) N-(2,4-dimethoxybenzyl)-7-((3aS,4R,6R ,6aR)-2,2-dim-
ethyl-6-((methyl(3-(2-(5-(trifluoromethyl)- 1H-benzo[ d]imi-
dazol-2-yl)ethyl)cyclobutyl)amino)methyl)tetrahydro-3aH-
cyclopenta[d][1,3]dioxol-4-y1)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (0.31 g, 0.42 mmol) at RT. The reaction
was allowed to proceed overnight when it was quenched with
Triethylsilane (0.13 ml, 0.84 mmol). The volatiles were
removed in vacuo and resulting residue was partitioned
between saturated NaHCO; and DCM/MeOH (10:1). The
aqueous layer was extracted (3x) more with DCM/MeOH
(10:1) and the combined organics were dried over MgSO,,
filtered and concentrated. The residue was purified by flash
chromatography (DCM/7N NH; in MeOH 87:13) to give the
desired compound (0.12 g) as an off-white foam/gum. MS
(EST") for C,,H;,F3N,0, m/z 544.5 [M+H]*; MS (ESI") for
C,,H,,F;N,O, m/z 542.3 [M-H]~; HPLC purity >85% (ret.
time, 2.418 min.) '"H NMR (400 MHz, d,-MeOH) 3, 8.078
(s, 1H), 7.812 (s, 1H), 7.654-7.634 (m, 1H), 7.507-7.487 (m,
1H), 7.229-7.214 (m, 1H), 6.617-6.608 (d, J=3.6 Hz, 1H),
4.361-4.322 (m, 1H), 3.927-3.887 (m, 1H), 3.062-3.024 (m,
0.5H (methine of trans isomer)), 2.944-2.873 (m, 2H), 2.758-
2.554 (m, 0.5H (methine of cis isomer)), 2.554-2.507 (m,
1H), 2.447-2.351 (m, 2H), 2.291-2.263 (m, 2H), 2.194-2.054
(m, 6H), 1.960-1.887 (m, 3H), 1.686-1.480 (m, 2H). Reten-
tion time: 2.418 HPLC Conditions: Agilent Zorbax Exlipse
XDB-C18 column, 4.6x50 mm (1.8 um packing), Solvent
A—Water (0.1% TFA), Solvent B—Acetonitrile (0.07%
TFA). 6 min gradient from 5 to 95% B; 1 min hold; then
recycle.
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Compound 14: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-(((3-(2-(5-(tert-butyl)-
1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)
amino)methyl)cyclopentane-1,2-diol

N-(2-amino-4-(tert-butyl)phen y1)-3-(3-((((3 aR,4R,
6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-
pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahy-
dro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)
(methyl)amino)cyclobutyl)propanamide

HN

%
N

Oln. N
|
N

MeO.

OMe

N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-
yl}uronium Hexafluorophosphate (0.44 g, 1.2 mmol) added
to a solution of 3-(3-((((32R,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoic acid (460
mg, 0.77 mmol) and N,N-Diisopropylethylamine (0.44 mL,,
2.6 mmol) and 4-tert-butylbenzene-1,2-diamine (0.15 g, 0.93
mmol) in N,N-Dimethylformamide (5 mL, 60 mmol). The
reaction was stirred overnight at RT, partially concentrated to
ca. 2 mls and then NaHCO, (saturated) was added. The mix-
ture was extracted with EtOAc (3x) and the combined organ-
ics were dried with MgSO, and concentrated. Purified by
flash chromatography (DCM/7N NH; in MeOH 95:5) to yield
a solid (0.24 g).

7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)
amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine

MeO.
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A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-(3-
((((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-
7H-pyrrolo[2,3-d]pyrimidin-7-yl1)-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)(methyl)amino)
cyclobutyl)propanamide (0.24 g, 0.32 mmol) in Acetic acid
(5 ml, 90 mmol) was stirred overnight at 60° C. The volatiles
were removed in vacuo and remaining residue partitioned
between Na2CO3 (2N) and DCM. The aqueous layer was
extracted 3x with DCM and the combined organics dried with
MgSO,, filtered and concentrated. The residue was purified
by flash chromatography (DCM/7N NH, in MeOH 94:6) to
yield the desired compound (0.20 g) as a solid.

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-(((3-(2-(5-(tert-butyl)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)me-
thyl)cyclopentane-1,2-diol

HN
<
HO, /D/\)\N
/ N
HOm |
a9
vy
NH,

Trifluoroacetic Acid (5 ml) added to a mix lure of Water
(0.5 ml) and 7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-
1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)
methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]di-
oxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (0.20 g, 0.28 mmol) at RT. The reaction
was allowed to proceed overnight upon which it was
quenched with Triethylsilane (0.088 ml, 0.55 mmol). The
volatiles were removed in vacuo and resulting residue was
partitioned between saturated NaHCO; and DCM/MeOH
(10:1). Aqueous extracted 3x more with DCM/MeOH (10:1)
and combined organics were dried over MgSQ,, filtered,
concentrated and purified by flash chromatography (DCM/
7N NH; in MeOH 87:13) to give the desired product as an
off-white foam (0.060 g). MS (ESI") for C;,H,,N,O, m/z
5323 [M+H]*; MS (ESIT) for C;oH,N,O, m/z 530.4
[M-H]~; HPLC purity >94% (ret. time, 2.723 min.) "H NMR
(400 MHz, d,-MeOH) §,,8.079 (s, 1H), 7.500 (s, 1H), 7.418-
7.398 (m, 1H), 7.310-7.307 (m, 1H), 7.230-7.216 (m, 1H),
6.619-6.610 (m, 1H), 4.355-4.316 (m, 1H), 3.926-3.887 (m,
1H), 3.088-3.017 (m, 0.5H (methine of trans isomer)), 2.879-
2.809 (m, 2H), 2.745-2.685 (m, 0.5H (methine of cis isomer),
2.532-2.512 (m, 1H), 2.446-2.373 (m, 2H), 2.294-2.276 (m,
2H), 2.202-2.012 (m, 5H), 1.685-1.603 (m, 1H), 1.545-1.504
(m, 1H), 1.383 (s, 1H). Retention time: 2.723 mins HPLC
Conditions: Agilent Zorbax Exlipse XDB-C18 column, 4.6x
50 mm (1.8 um packing), Solvent A—Water (0.1% TFA),
Solvent B—Acetonitrile (0.07% TFA) 6 min gradient from 5
t0 95% B; 1 min hold; then recycle.
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Compound 15: (1R,28,3R,5R)-3-{4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-yl}-5-{[propan-2-y1({4-[5-
(trifluoromethyl)-1H-1,3-benzodiazol-2-y1]butyl})
amino]methyl }cyclopentane-1,2-diol

Step 1: 7-[(3aS,4R,6R,6aR)-2,2-dimethyl-6-{ [pro-
pan-2-y1({4-[5-(trifluoromethy1)-1-{[2-(trimethylsi-
lyl)ethoxy Jmethyl}-1H-1,3-benzodiazol-2-yl]butyl})
amino|methyl }-hexahydrocyclopenta[d][1,3]dioxol-

4-yl]-7H-pyrrolo[2,3-d|pyrimidin-4-amine

NH,
NS Ny
VetV
F AN} N N
¥ N~
[~

X

A solution of 3-{[5-(trifluoromethyl)-1-{[2-(trimethylsi-
lyDethoxy]methyl}-1H-1,3-benzodiazol-2-y1]
methyl }cyclobutane-1-carbaldehyde (243 mg, 0.59 mmol),
7-[(32aS,4R,6R,6aR)-2,2-dimethyl-6-[ (propan-2-ylamino)
methyl]-hexahydrocyclopenta[d][1,3]dioxo0l-4-y1]-7H-pyr-
rolo[2,3-d]pyrimidin-4-amine (170 mg, 0.49 mmol) and
MgSO, (710 mg, 5.90 mmol) in DCE (10 ml) was stirred for
15 min. STAB (175 mg, 0.83 mmol) was then added to the
reaction mixture and stirred for 1 h at RT. The reaction was
monitored by LCMS, no amine was seen after 1 h. Sat.
NaHCO; (20 ml) was added to the reaction mixture and
stirred for 5 mins. Brine (10 ml) was then added to the reac-
tion mixture. The product was extracted with DCM (2x30
ml), dried over Na,SO,, filtered and evaporated. Purification
by silica gel column chromatography, eluting with 7N NH; in
MeOH:DCM (1:99-4:96) gave the desired product (170 mg,
47%) as an oil; MS (ESI*) for C;3Hs,FN,05S1 m/z 742.40
[M+H]*; HPLC purity 100% (ret. time, 1.78 min); 'H NMR
(500 MHz, CHLOROFORM-d) 8, ppm -0.25-0.11 (9H, m),
0.66-1.04 (8H, m), 1.17-1.48 (5H, m), 1.49-1.61 (3H, m),
1.77-2.04 (2H, m), 2.19-2.37 (5H, m), 2.37-2.51 (2H, m),
2.52-2.80 (2H, m), 2.81-2.91 (1H, m), 2.91-3.22 (2H, m),
3.34-3.79 (2H, m), 4.29-4.52 (1H, m), 4.78-5.12 (2H, m),
5.28-5.70 (4H, m), 6.34 (1H, d, J=3.63 Hz), 6.80-7.16 (1H,
m), 7.29-7.71 (2H, m), 7.71-8.11 (1H, m), 8.11-8.46 (1H, m)

Step 2. (1R,2S,3R,5R)-3-{4-amino-7H-pyrrolo[2,3-
d]pyrimidin-7-y1}-5-{[propan-2-y1({4-[5-(trifluo-
romethyl)-1H-1,3-benzodiazol-2-yl]butyl } Jamino)]
methyl }cyclopentane-1,2-diol

NH,
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12N HCl (3 ml) was added slowly to a solution of 7-[(3aS,
4R,6R 6aR)-2,2-dimethyl-6-({propan-2-y1[(3-{[5-(trifluo-
romethyl)-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-1,3-
benzodiazol-2-yllmethyl }cyclobutyl)methyl]
amino} methyl)-hexahydro cyclopenta[d][1,3]dioxol-4-y1]-
7H-pyrrolo[2,3-d]pyrimidin-4-amine (170 mg, 0.23 mmol)
in MeOH (3 ml) and stirred at 40° C. for 2.5 h. The reaction
was monitored by LCMS, no starting material seen after 2.5
h. The reaction mixture was concentrated in vacuo, then bas-
ified with 7N NH; in MeOH. This was then evaporated to
dryness. Purification by silica gel column chromatography,
eluting with 7N NH; in MeOH:DCM (1:9) gave the desired
product (100 mg, 76%) as a white solid; MS (ESI*) for
C,oH, F3NO, m/z 572.40 [M+H]*; HPLC purity 99% (ret.
time, 2.17 min); 'HNMR (500 MHz, CHLOROFORM-d) 8,
ppm 0.78-1.19 (6H, m), 1.35-1.69 (2H, m), 1.80-2.04 (1H,
m), 2.11-2.87 (10H, m), 2.88-3.18 (3H, m), 3.79-4.06 (1H,
m), 4.15-4.47 (1H, m), 4.82-5.12 (1H, m), 6.43-6.77 (1H, m),
7.19(1H, d,J=3.47Hz), 7.47 (1H, d, ]=8.35Hz), 7.63 (1H, d,
J=8.51 Hz), 7.79 (1H, s), 7.95-8.24 (1H, m).

Compound 18: (1R,28,3R,5R)-3-{4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1}-5-({ methyl[ (3-{[ 5-(trif-
luoromethyl)-1H-1,3-benzodiazol-2-yl]
methyl}cyclobutyl)methyl]amino }methyl)
cyclopentane-1,2-diol

Step 1: 3-[2-(benzyloxy)-2-oxoethylidene]|cyclobu-
tane-1-carboxylic acid

OH

A mixture of cyclobutaneone-3-carboxylic acid (5 g, 43.82
mmol), benzyl-2-(dimethoxyphosphorypacetate (13.58 g,
52.59 mmol), LiOH (4.20 g, 23.95 mmol) and 3 A activated
molecular sieves (25 g, powder form) in THF (250 ml) was
heated to reflux under nitrogen for 4 h. The reaction was
allowed to cool to RT and EtOAc (100 ml) followed by HCl
(1IN, 100 ml) were added. This mixture was filtered through
celite. The phases were separated and the aqueous layer was
extracted with EtOAc (4x50 ml). The combined organic lay-
ers were dried over Na,SO,, filtered and concentrated to yield
a colorless oil. Dry flash chromatography over SiO,, eluting
with Hept: EtOAc from 7:3 to 1:1 gave the desired product as
a colorless oil (5.2 g, 39%); MS (ESI*) for C,,H,,0, m/z
269.05 [M+Na]*; MS (ESI") for C,,H,,0, m/z 245.15
[M-H]~; HPLC purity 81% (ret. time, 1.85 min); "H NMR
(250 MHz, CHLOROFORM-d) 3,, ppm 2.95-3.62 (5H, m),
4.96-5.31 (2H, m), 5.75 (1H, t, J=2.21 Hz), 7.27-7.45 (5H,
m).
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Step 2. benzyl 2-{3-[methoxy(methyl)carbamoyl]
cyclobutylidene}acetate

/O\

e}
/z

To an ice cold solution of 3-[2-(benzyloxy)-2-oxoeth-
ylidene]cyclobutane-1-carboxylic acid (2.0 g, 8.12 mmol),
N-Methyl-morpholine (2.70 ml, 24.36 mmol) in DCM (50
ml) was added isobutyl chloroformate (1.70 ml, 12.99 mmol)
drop-wise over 5 min. After an additional 5 min, methoxy
(methyl)amine hydrochloride (1.58 g, 16.24 mmol) was
added and the mixture was stirred overnight whislt allowing
to warm to RT. The reaction mixture was then diluted with
DCM (30 ml), washed with 0.1N HCI (50 ml) then sat.
NaHCO; (50 ml), dried over Na,SO,, filtered and evaporated.
Purification by silica gel column chromatography, eluting
with EtOAc:heptanes from 1:9 to 3:7 gave the desired product
(1.54 g, 65%),; MS (ESI*) for C,,H,,)NO, m/z 290.10
[M+H]*; HPLC purity 100% (ret. time, 1.86 min); 'H NMR
(500 MHz, CHLOROFORM-d) 3,, ppm 2.96 (1H, ddd,
J=16.98, 8.79, 1.81 Hz), 3.17-3.30 (4H, m), 3.30-3.48 (2H,
m), 3.51-3.63 (1H, m), 3.64-3.75 (3H, m), 5.15 (2H, s), 5.73
(1H, quin, J=2.25 Hz), 7.29-7.42 (5H, m).

Step 3. 2-{3-[methoxy(methyl)carbamoyl]

cyclobutyl}acetic acid
@]
N
Q \

HO

Palladium on charcoal (10%, 0.1 g) was added to a solution
of benzyl 2-{3-[methoxy(methyl)carbamoyl]
cyclobutyldene}acetate (1.54 g, 5.32 mmol) in EtOH (20 ml)
and stirred under an atmosphere of hydrogen at RT for 6 h.
The reaction mixture was filtered through celite and evapo-
rated to dryness to give a colorless oil (1.04 g, 89%); MS
(EST™) for C,H,sNO, m/z 202.00 [M+H]*; MS (ESI)~ for
C,H,sNO, nvz 200.05 [M-H]~; HPLC purirty 92% (ret.
time, 1.10 min); 'H NMR (500 MHz, MeOD) 8, ppm 1.84-
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2.08 (2H, m), 2.28-2.53 (4H, m), 2.56-2.72 (1H, m), 3.06-
3.22 (3H, m), 3.38-3.56 (11, m), 3.68 (3H, d, ]=8.04 Hz).

Step 4i. 3-({[2-amino-5-(trifluoromethyl)phenyl]
carbamoyl } methy1)-N-methoxy-N-methylcyclobu-
tane-1-carboxamide

HN

LN

TEA (1.49 ml, 10.70 mmol) was added to a suspension of
2-{3-[methoxy(methyl)carbamoyl]cyclobutyl}acetic  acid,
EDC.HCI 1.18 g, 6.20 mmol), HOBt.xH,O (0.77 g, 5.69
mmol) in DCM (20 ml) at 0° C. and stirred for 5 min before
the addition of 4-(trifluoromethyl)benzene-1,2-diamine (1.04
g, 10.34 mmol). This was stirred for a further 20 min at 0° C.
then allowed to warm to RT. The reaction was monitored by
LC MS, after 2 hours the reaction mixture was washed with
IN HCI (50 ml) then sat. NaHCO; (50 ml). This was dried
over Na,SO,, filtered and evaporated to dryness. Purification
by silica gel column chromatography, eluting with EtOAc
gave the desired product (0.83 g, 44%) as a beige solid; MS
(EST") for C, (H,,N;O; m/z 360.00 [M+H]*; HPLC purirty
90% (ret. time, 1.64 min); 'H NMR (500 MHz, MeOD) §,,
ppm 2.02-2.16 (2H, m), 2.31-2.68 (4H, m), 2.69-2.88 (1H,
m), 3.18 (3H, d, J=4.41 Hz), 3.36-3.59 (1H, m), 3.65-3.76
(3H, m), 6.81-6.97 (1H, m), 7.02-7.27 (1H, m), 7.28-7.48
(1H, m).

Step 4ii. N-methoxy-N-methyl-3-{[5-(trifluorom-
ethyl)-1H-1,3-benzediazol-2-yl]methyl}-cyclobu-
tane-1-carboxamide

N

\
N
H

A solution of the 3-({[2-amino-5-(trifluoromethyl)phenyl]
carbamoyl}methyl)-N-methoxy-N-methylcyclobutane-1-
carboxamide (0.82 g, 2.29 mmol) in AcOH (10 ml) was
heated to reflux (~125° C.) whilst stirring for 2.5 h. The
reaction was monitored by LC MS. The reaction mixture was
allowed to cool to RT and then evaporated in vacuo. The
residue was dissolved in DCM (30 ml) and washed with sat.
NaHCO; (50ml), dried over Na,SO,, filtered and evaporated.
The crude was purified by silica gel column chromatography,
eluting with MeOH:DCM (2:98-5:95) to give ayellow-brown
0il (0.75 g, 94%); MS (EST*) for C, ;H, FsN;0, m/z342.10
[M+H]*; HPLC purirty 97% (ret. time, 1.40 min); NMR (500
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MHz, MeOD) 8, ppm 1.96-2.17 (2H, m), 2.27-2.55 (2H, m),
2.66-2.92 (1H, m), 2.97-3.15 (2H, m), 3.15-3.22 (3H, m),
3.32-3.62 (1H, m), 3.63-3.73 (3H, m), 7.37-7.53 (1H, m),
7.53-8.00 (21, m).

Step 5. N-methoxy-N-methyl-3-{[5-(trifluorom-
ethyl)-1-{[2-(trimethylsilyl)ethoxy|methyl }-1H-1,3-
benzodiazol-2-yllmethyl }cyclobutane-1-carboxam-

ide
FF o
F /O\
\
N
\
1 |
k Si/
O/\/ ~

K,CO; (381 mg, 2.76 mmol), followed by SEM-0 (430 ul,
2.43 mmol) was added to a solution of the N-methoxy-N-
methyl-3-{[5-(trifluvoromethyl)-1H-1,3-benzodiazol-2-yl]
methyl }cyclobutane-1-carboxamide (754 mg, 2.21 mmol) in
DMF (10 ml) at RT and stirred overnight. The reaction was
monitored by LCMS. The reaction mixture was diluted with
water (3 ml), brine (30 ml) and then extracted with EtOAc
(2x50 ml). This was dried over Na,SO,, filtered and evapo-
rated to give a clear orange oil. Purification by silica gel
column chromatography, eluting with EtOAc:heptanes (1:1-
1) gave the desired products as a beige oils as a single regioi-
somer (217 mg, 21%); MS (ESI*) for C,,H;,F;N;0;81 m/z
472.55 [M+H]*; HPLC purirty 99% (ret. time, 2.37 min); 'H
NMR (250 MHz, CHLOROFORM-d) §,, ppm -0.31-0.22
(9H, m), 0.83-1.00 (2H, m), 2.03-2.25 (2H, m), 2.30-2.74
(2H, m), 2.85-3.14 (3H, m), 3.18 (3H, s), 3.32-3.60 (3H, m),
3.61-3.72 (3H, m), 5.52 (2H, s), 7.51 (1H, dd, J=8.38, 1.22
Hz),7.70 (1H,s), 7.79 (1H, d, J=8.53 Hz) and as a mixture of
regioisomers (280 mg, 27%); C,,H;,F;N;05S1 m/z 472.55
[M+H]*; HPLC purirty 72% & 21% (ret. time, 2.39 & 2.36
min); 'H NMR (250 MHz, CHLOROFORM-d) & ppm
-0.08--0.01 (9H, m), 0.81-0.99 (2H, m), 1.94-2.24 (2 m),
2.38-2.74 (2H, m), 2.90-3.14 (3H, m), 3.14-3.22 (3H, m),
3.33-3.63 (3H, m), 3.63-3.70 (3H, m), 5.40-5.64 (2H, m),
7.40-7.74 (2H, m), 7.75-8.14 (1H, m).

Step 6. 3-{[5-(trifluoromethyl)-1-{[2-(trimethylsilyl)

ethoxy]methyl}-1H-1,3-benzodiazol-2-yl]
methyl }cyclobutane-1-carbaldehyde
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DIBAL (0.69 ml, 0.69 mmol, 1M in THF) was added
dropwise to a solution of N-methoxy-N-methyl-3-{[5-(trif-
luoromethyl)-1-{[2-(trimethylsilyl)ethoxy methyl }-1H-1,3-
benzodiazol-2-yllmethyl }cyclobutane-1-carboxamide  in
THF at —10° C. whilst stirring. The reaction was continued for
3 hours at =10° C. The reaction mixture was poured onto sat.
ag. Rochelle’s salt (20 ml), diluted with Et,O (50 ml) and
stirred for 30 min. This was then separated and the organic
layer was washed with Rochelle’s salt (30 ml), sat. NaHCO;,
(30 ml) and brine (30 ml). This was dried over Na,SO,,
filtered and evaporated to give a colorless gum (190 mg,
87%); MS (ESI") for C,,H,,F3N,0,Si m/z 413.6 [M+H]™;
HPLC purirty 87% (ret. time, 2.25 min); 'H NMR (500 MHz,
CHLOROFORM-d) §,, ppm -0.10-0.09 (9H, m), 0.88-1.00
(4H, m), 1.63-1.97 (2H, m), 2.07-2.23 (2H, m), 2.24-2.37
(OH, m), 2.37-2.42 (1H, m), 2.43-2.66 (2H, m), 2.93-3.34
(4H, m), 5.49-5.61 (2H, m), 7.16-7.31 (2H, m), 7.32-7.32
(2H, m), 7.49-7.61 (1H, m), 7.73 (1H, s), 7.83 (1H, d, J=8.35
Hz).

Step 7. 7-[(3aS,4R,6R,6aR)-2,2-dimethyl-6-({[(3-
{[5-(trifluoromethy1)-1-{[2-(trimethylsilyl)ethoxy]
methyl}-1H-1,3-benzodiazol-2-yl]
methyl}cyclobutyl)methyl]amino }methyl)-hexahy-
drocyclopenta[d][1,3]dioxol-4-y1]-7H-pyrrolo[2,3-d]
pyrimidin-4-amine

NI,
x
. NY\O\/H / )N
9_@ - Y
o)
FF \/\
si—™
/> s
o, O

A solution of 3-{[5-(trifluoromethyl)-1-{[2-(trimethylsi-
lyl)ethoxy]methyl}-1H-1,3-benzodiazol-2-yl]
methyl }cyclobutane-1-carbaldehyde (190 mg, 0.46 mmol),
(1R,28,3R,5R)-3-{4-amino-7H-pyrrolo[2,3-d]pyrimidin-7-
yl}-5-(aminomethyl)cyclopentane-1,2-diol (140 mg, 0.46
mmol) and MgSO,, (554 mg, 4.61 mmol) in DCE (10 ml) was
stirred for 15 min. STAB (137 mg, 0.645 mmol) was then
added to the reaction mixture and stirred. The reaction was
monitored by LCMS, after which no amine was seen. Sat.
NaHCO; (20 ml) was added to the reaction mixture and
stirred for 5 mins. Brine (10 ml) was added to the reaction
mixture and the product was extracted with DCM (2x30 ml),
dried over Na,SO,, filtered and evaporated. Purification by
silica gel column chromatography, eluting with 7N NH; in
MeOH:DCM (1:99-5:95) gave the desired product as a pink
foamy solid. The mixed fractions were combined and purified
on a prep. TLC plate eluting with 7N NH; in MeOH:DCM
(2x4:96) to give a total of 170 mg, 53%. MS (ESI*) for
C;5H,5F5N,0,81 m/z 700 [M+H]*; HPLC purirty 100% (ret.
time, 1.79 min); 'HNMR (250 MHz, CHLOROFORM-d) §,,
ppm -0.26-0.16 (9H, m), 0.72-0.97 (2H, m), 1.30 (3H, s),
1.38-1.60 (5H, m), 1.91-2.59 (8H, 2.60-3.27 (6H, m), 3.35-
3.70 (2H, m), 4.52 (1H, t, J=5.94 Hz), 4.78-5.20 (4H, m),
5.39-5.66 (2H, m), 6.36 (1H, d, J=3.65 Hz), 7.03 (1H, d,
J=3.65 Hz), 7.42-7.59 (1H, m), 7.69 (1H, s), 7.79 (1H, d,
J=8.53 Hz), 8.32 (1H, s).



US 9,096,634 B2

277
Step 8. 7-[(3 aS,4R,6R,6 aR)-2,2-dimethyl-6-({me-
thyl[(3-{[5-(trifluoromethyl)-1-{[2-(trimethylsily])
ethoxy]methyl}-1H-1,3-benzodiazol-2-yl]
methyl}cyclobutyl)methyl]amino } methyl)-
hexahydrocyclopenta[d][1,3]dioxol-4-y1]-7H-pyrrolo
[2,3-d]pyrimidin-4-amine

NH,
) NY\O\/IL J | \)N
9_@ N\/o { N
F
F \/\Si/
[ §
o. .0

Formaldehyde (36 ul, 0.49 mmol, 37%,,.,) was added to a
solution of 7-[(3aS,4R,6R,6aR)-2,2-dimethyl-6-({[(3-{[5-
(trifluoromethyl)-1-{[2-(trimethylsilyl)ethoxy|methyl}-1H-
1,3-benzodiazol-2-yljmethyl}cyclobutyl)methyl]
amino }methyl)-hexahydro cyclopenta[d][1,3]dioxol-4-y1]-
7H-pyrrolo[2,3-d]pyrimidin-4-amine in MeOH (5 ml) and
THF (5 ml), and the reaction was stirred at RT for 30 mins.
NaCNBHj; (18 mg, 0.29 mmol) was added portionwise, and
the reaction stirred for a further 2 hours at RT after which LC
MS showed the reaction to be complete. The reaction mixture
was concentrated under in vacuo, and the residue partitioned
between water (20 ml) and DCM (20 ml) and the layers were
separated. The aqueous layer was extracted with DCM (2x20
ml), the combined organics were then dried over Na,SO,,, and
concentrated. Purification by prep. TLC, eluting with 7N NH,
in MeOH:DCM (5:95) gave the desired product (114 mg,
66%) as a colourless oil; MS (EST") for C;,H F;N,0;Si
m/z714.45 [M+H]*; HPLC purity 100% (ret. time, 1.77 min);
'HNMR (500 MHz, CHLOROFORM-d) 8, ppm —-0.14-0.05
(9H, m), 0.85-0.99 (2H, m), 1.18-1.35 (3H, m), 1.37-1.53
(2H, m), 1.52-1.64 (3H, m), 1.89-2.15 (3H, m), 2.18-2.28
(2H, m), 2.29-2.70 (6H, m), 2.72-2.96 (1H, m), 2.97-3.20
(2H, m), 3.48 (3H, s), 3.50-3.58 (2H, m), 4.37-4.58 (1H, m),
4.85-5.05 (2H, m), 5.11-5.38 (2H, m), 5.41-5.57 (2H, m),
6.35 (1H, d, J=3.63 Hz), 6.84-7.19 (1H, m), 7.50 (1H, d,
J=8.35Hz), 7.68 (1H, s), 7.78 (1H, d, J=8.35 Hz), 8.13-8.52
(1H, m)

Step 9. (1R,2S,3R,5R)-3-{4-amino-7H-pyrrolo[2,3-
d]pyrimidin-7-y1}-5-({methyl[(3-{[5-(trifluorom-
ethyl)-1H-1,3-benzodiazol-2-ylJmethyl}cyclo butyl)
methyl]amino }methyl)cyclopentane-1,2-diol

NH,
SN
) N\,/\O\/IL J | JN
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A solution of HCl in MeOH (1:1, 3 ml) was added to
7-[(3aS,4R,6R,6aR)-2,2-dimethyl-6-({methyl[(3-{[5-(trif-
luoromethyl)-1-{[2-(trimethylsilyl)ethoxy methyl }-1H-1,3-
benzodiazol-2-yllmethyl }cyclobutyl)methyl]
amino} methyl)-hexahydro cyclopenta[d][1,3]dioxol-4-y1]-
7H-pyrrolo[2,3-d]pyrimidin-4-amine at 0° C. and stirred.
This was then immediately stirred at 40° C. for 4 h (reaction
monitored by LCMS) The reaction was continued for a fur-
ther 1 h. LCMS still showed 30% acetal deprotected SM. A
further 1 ml of HCl (36% aq) was added to the reaction
mixture and continued at 40° C. for a further 1 h. The reaction
mixture was then evaporated in vacuo. The residue was dis-
solve in DCM (100 ml)+MeOH (1 ml) and washed with sat.
NaHCO; (2x50 ml), dried over Na,SO,, filtered and evapo-
rated. Purification by prep. TLC, eluting with 7N NH; in
MeOH:DCM (1:9); MS (ESI*) for C,,H;,F;N,0, m/z 544
[M+H]*; HPLC purirty 96% (ret. time, 2.03 min); "H NMR
(500 MHz, MeOD) §,, ppm 1.47-1.58 (1H, m), 1.58-1.69
(1H, m), 1.87-2.12 (1H, m), 2.12-2.54 (10H, m), 2.53-2.91
(3H, m), 2.93-3.15 (2H, m), 3.88-4.08 (1H, m), 4.32 (1H, dd,
J=7.57,6.15Hz), 4.88-5.01 (1H, m), 6.59 (1H, d, ]=3.63 Hz),
7.20 (1H, d, J=3.63 Hz), 7.42-7.53 (1H, m), 7.63 (1H, d,
J=8.20 Hz), 7.79 (1H, s), 7.95-8.22 (1H, m).

Compound 19: 7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-
(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)(isopropyl)amino)methyl)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine

A of  3-(3-((((3aR,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(isopropyl)amino)cyclobutyl)propanoic  acid
(490 mg, 0.79 mmol) and 4-tert-butylbenzene-1,2-diamine
(155 mg, 0.946 mmol) in N,N-Dimethylformamide (8.1 ml)
was treated with N,N-Diisopropylethylamine (0.453 ml, 2.60
mmol) dropwise followed by N,N,N',N'-Tetramethyl-0-(7-
azabenzotriazol-1-yl)uronium Hexafluorophosphate (449

solution

mg, 1.18 mmol) in one portion. The reaction mixture was
stirred at RT overnight. The reaction mixture was concen-
trated under high vacuum and the residue was partitioned
between 50 ml EtOAc and 50 ml 1/1 H,0O/sat NaHCO;. The
aqueous phase was extracted with 30 ml EtOAc and the
combined organic phase was washed with 30 ml portions of
H,O and brine. The organic phase was dried over Na,SO,,
filtered and concentrated to give a glass/stiff foam. The crude
material was purified by flash chromatography (SiO,, eluting
with 4% 7N N NH; in CH;OH/CH,Cl,) to give the desired
intermediate as a mixture of amide regioisomers (400 mg). A
solution of intermediate (0.40 g) in Acetic acid (15 ml) was
heated at 65° C. for 2.5 h, the reaction mixture was cooled and
placed under high vacuum to remove the acetic acid. The
residue was taken up in 60 ml CH,Cl, and washed with 40 ml
portions of sat NaHCO; and 2% Na,CO; solution. The
organic phase was dried over Na,SO,, filtered and concen-
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trated to yield a glass/stiff foam. The material was placed on
high vacuum and used directly in the next step (380 mg)

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-

midin-7-y1)-5-(((3-(2-(5-(tert-butyl)-1H-benzo[d]

imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)amino)
methyl)cyclopentane-1,2-diol

NH

7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-1H-benzo
[d]imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)amino)me-
thyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]di-
oxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (390 mg, 0.52 mmol) was dissolved in a
mixture of Trifluoroacetic Acid (7.2 ml) and Water (0.8 ml)
which had been pre-cooled at 0° C. in an ice bath. The solu-
tion was stirred at 0° C. for 30 minutes, then warmed to RT
After 2.5 at RT the residue was taken up in 15 m1 MeOH and
concentrated. This procedure was repeated twice and the
residue placed on high vacuum. The material was taken up in
15 ml MeOH (gave a slurry) and was treated with 500 mg
K,COj; and 8 drops of water. The mixture was allowed to stir
for 1 hr, during which time the solution was found to be basic.
The mixture was filtered through a finefrit, the solids were
washed with 10 ml MeOH and the filtrate was concentrated to
yield an off white solid. The material was left on high vacuum
overnight. The crude material was purified by flash chroma-
tography (SiO,, eluting with 8-10% 7N NH; in CH,OH/
CH,Cl,) to give a glass/stiff foam (0.22 g). '"H NMR (400
MHz, MeOD) d, ppm 8.06 (s, 1H), 7.48 (br. s., 1H), 7.39 (m,
1H),7.27 (m, 1H), 7.20 (d, J=3.52 Hz, 1H), 6.60 (m, 1H), 4.32
(t, J=6.43 Hz, 1H), 3.93 (t, J=5.29 Hz, 1H), 3.54 (m, 0.2H),
3.11 (t,J=9.33 Hz, 1H), 3.02 (m, 1H), 2.82 (m, 2H), 2.66 (dd,
J=13.68, 8.09 Hz, 1H), 2.46 (m, 1H), 2.36 (m, 1H), 2.23 (m,
3H), 2.05 (m, 1H), 1.91 (m, 3H), 1.59 (m, 3H), 1.36 (s, 9H),
1.02 (m, 6H).
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Compound 20: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d[pyrimidin-7-y1)-5-(((3-(2-(6-chloro-5-
(trifluvoromethyl)-1H-benzo|d]imidazol-2-yl)ethyl)
cyclobutyl)(isopropyl)amino)methyl)cyclopentane-1,
2-diol

7-((3aS,4R,6R,6aR)-6-(((3-(2-(6-chloro-5-(trifluo-
romethyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)(isopropyl)amino )methyl)-2,2-dimethyltetrahy-
dro-3aH-cyclopenta[d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine

N
C ]
BN
/ NH
NH N
MeO.
Cl
F
F
OMe F
A solution of 3-(3-((((3aR,4R,6R,6aS5)-6-(4-((2,4-

dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(isopropyl)amino)cyclobutyl)propanoic  acid
(78.5 mg, 0.126 mmol) and 4-chloro-5-(trifluoromethyl)ben-
zene-1,2-diamine (31.9 mg, 0.151 mmol) in N,N-Dimethyl-
formamide (1.3 ml) was treated with N,N-Diisopropylethy-
lamine (72.5 ul, 0.416 mmol dropwise followed by N,N,N',
N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uronium
Hexafluorophosphate (72.0 mg, 0.189 mmol) in one portion.
The reaction mixture was stirred at RT for 7.5 h. The reaction
mixture was placed in the fridge overnight. The reaction
mixture was concentrated under high vacuum and the residue
was partitioned between 20 ml EtOAc and 20 m1 1/1 H,O/sat
NaHCO;. The aqueous phase was extracted with 10 ml
EtOAc and the combined organic phase was washed with 10
ml portions of H,O and brine. The organic phase was dried
over Na,SO,, filtered and concentrated. The crude material
was purified by flash chromatography (Si0,, eluting with 3%
7N NH,; in CH,0H/CH,Cl,) to give the desired intermediate
as a glass/stiff foam (regiosomeric amides and the cis/trans
diastereomers, 87 mg). The intermediate (0.087 g) was taken
upininAcetic acid (4.5 ml) was heated at 65° C. for 6 h, itwas
cooled to RT and stirred at RT for 48 hr. The reaction was
heated at 65° C. for 8 hr, then at RT o/n then at 65° C. for a
further 6.5 h. The mixture was cooled and placed under high
vacuum to remove the acetic acid. The residue was taken up in
15 ml CH,Cl, and washed with 10 ml portions of sat.
NaHCO; and 2% Na,COj solution. The organic phase was
dried over Na,SO,, filtered and concentrated to yield a glass/
stiff foam. The material was placed on high vacuum over-
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night. The crude material was purified by prep TLC on a 20
cmx20 cmx 1.0 mm prep TLC plate eluting twice with 4% 7N
NH; in CH;0H/CH,Cl,. The product band was isolated to
yield the product as a white solid (48 mg).

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-(((3-(2-(6-chloro-5-(trifluoromethyl)-
1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)(isopro-

pylamino)methyl)cyclopentane-1,2-diol

Cl

F

7-((3aS,4R,6R,6aR)-6-(((3-(2-(6-chloro-5-(trifluorom-
ethyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(isopro-
pyDamino)methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta
[d][1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo
[2,3-d]pyrimidin-4-amine (525 mg, 0.683 mmol) was
dissolved in a mixture of Trifluoroacetic Acid (9 ml) and
Water (1 ml) which had been pre-cooled at 0° C. inanice bath.
The solution was stirred at 0° C. for 30 minutes, then warmed
to RT. After 4 h at RT, the mixture was concentrated. The
residue was taken up in 20 ml MeOH and concentrated. This
procedure was repeated twice and the residue placed on high
vacuum. The material was taken up in 15 ml MeOH (gave a
slurry) and was treated with 500 mg K,CO; and 15 drops of
water. The mixture was allowed to stir for 1 hr, during which
time the solution was found to be basic. The mixture was
filtered through a fine frit, the solids were washed with 10 ml
MeOH and the filtrate was concentrated to yield an off white
solid. The material was left on high vacuum overnight. The
crude material was purified by flash chromatography (SiO,,
eluting with 12% 7N NH; in CH;OH/CH,CL,) to give a
colorless glass/stiff foam. 'H NMR (400 MHz, MeOD) 3,
ppm 8.06 (s, 1H), 7.89 (d, J=2.07 Hz, 1H), 7.69 (d, J=2.28 Hz,
1H),7.21 (dd, I=3.42, 1.76 Hz, 1H), 6.59 (d, J=3.52 Hz, 1H),
433 (t, J=6.84 Hz, 1H), 3.89 (q, J=5.25 Hz, 1H), 3.03 (m,
0.5H), 2.89 (m, 2H), 2.70 (m, 0.5H), 2.49 (m, 1H), 2.40 (m,
2H), 2.27 (br. s., 2H), 2.16 (d, J=7.26 Hz, 4H), 2.06 (m, 2H),
1.91 (m, 2H), 1.62 (m, 1H), 1.52 (m, 1H).
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Compound 21: (1R,28,3R,5R)-3-{4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1}-5-({[(3-{[6-chloro-5-
(trifluvoromethyl)-1H-1,3-benzodiazol-2-yl|
methyl}cyclobutyl)methyl](propan-2-yl)
amino } methyl)cyclopentane-1,2-diol

Step 1: 7-[(3aS,4R,6R,6aR)-6-({[(3-{[6-chloro-5-
(trifluoromethyl)-1-{[2-(trimethylsilyl)ethoxy]me-
thyl}-1H-1,3-benzodiazol-2-yl]methyl}cyclobutyl)
methyl](propan-2-yl)amino }methyl)-2,2-dimethyl-
hexahydrocyclopenta[d][1,3]dioxol-4-yl]-7H-pyrrolo
[2,3-d]pyrimidin-4-amine

NH,
~
) NM J | )N
N\/o i N7
F
F \/\S./
cl /1\ Pt
0. o}

P

A solution of 3-{[6-chloro-5-(trifluoromethyl)-1-{[2-(tri-
methylsilyl)ethoxy]methyl } -1H-1,3-benzodiazol-2-yl]
methyl }cyclobutane-1-carbaldehyde (223 mg, 0.50 mmol),
7-[(3aS,4R,6R,6aR)-2,2-dimethyl-6-[ (propan-2-ylamino)
methyl]-hexahydrocyclopenta[d][1,3]dioxo0l-4-y1]-7H-pyr-
rolo[2,3-d]pyrimidin-4-amine (172 mg, 0.50 mmol) and
MgSO, (600 mg, 5.00 mmol) in DCE (10 ml) was stirred for
15 min. STAB (148 mg, 0.70 mmol) was then added to the
reaction mixture and stirred for 1 h at RT. The reaction was
monitored by LCMS, no amine was seen after 2.5 h. Sat.
NaHCO; (20 ml) was added to the reaction mixture and
stirred for 5 mins. Brine (20 ml) was then added to the reac-
tion mixture. The product was extracted with DCM (2x30
ml), dried over Na,SO,, filtered and evaporated. Purification
by prep. HPLC gave the desired product (174 mg, 45%) as a
white solid; MS (EST*) for C;,H,;CIF;N.O,Si m/z 776.30
[M+H]*; HPLC purity 100% (ret. time, 1.68 min); 'H NMR
(500 MHz, MeOD) §,, ppm -0.25-0.11 (9H, m), 0.90 (2H, td,
J=7.88,3.47 Hz), 1.30 (3H, s), 1.37 (6H, t, J=7.49 Hz), 1.55
(3H, s), 1.63-1.84 (1H, m), 1.99-2.37 (2H, m), 2.37-3.03 (6H,
m), 3.04-3.28 (3H, m), 3.34-3.50 (1H, m), 3.61 (2H, td,
J=7.92, 2.29 Hz), 3.79 (1H, br. 5.), 4.68 (1H, t, J=6.70 Hz),
4.95-5.27 (2H, m), 5.55-5.81 (1H, m), 6.88 (1H, d, J=3.63
Hz), 7.06-7.62 (2H, m), 7.61-7.94 (1H, m), 7.94-8.16 (1H,
m), 8.22 (1H, s)

Step 2. (1R,2S,3R,5R)-3-{4-amino-7H-pyrrolo[2,3-

d]pyrimidin-7-y1}-5-({[(3-{[6-chloro-5-(trifluorom-

ethyl)-1H-1,3-benzodiazol-2-ylJmethyl}cyclobutyl)

methyl](propan-2-yl)amino }methyl)cyclopentane-1,
2-diol

NH,
>~ N
F mN / | )
NH ~
F N N
F
cl \__/
HO H
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12N HCI (1.5 ml) was added slowly to a solution of
7-[(3aS,4R,6R,6aR)-6-({[ (3-{[6-chloro-5-(trifluoromethyl)-
1-{[2-(trimethylsilyl)ethoxy |methyl}-1H-1,3-benzodiazol-
2-ylmethyl}cyclobutyl)methyl] (propan-2-yl)amino]me-
thyl)-2,2-dimethyl-hexahydrocyclopenta[d][1,3]dioxol-4-
yl]-7H-pyrrolo[2,3-d]pyrimidin-4-amine (174 mg, 0.22
mmol) in MeOH (1.5 ml) and stirred at 40° C. for 6 h. The
reaction was monitored by LCMS, no starting material seen
after 2.5 h. The reaction mixture was concentrated in vacuo,
then basified with 7N NH; in MeOH (5 ml). This was then
evaporated to dryness. Purification by silica gel column chro-
matography, eluting with 7N NH; in MeOH:DCM (1:9) gave
the desired product (36 mg, 27%) as a white solid; MS (ESI")
for C,oH,sCIF,NO, m/z 606.30 [M+H]*; HPLC purity
100% (ret. time, 2.59 min); 'H NMR (500 MHz, MeOD) d,,
ppm 0.93-1.09 (6H, m), 1.41-1.64 (2H, m), 1.76-2.06 (1H,
m), 2.15-2.65 (9H, m), 2.65-2.88 (1H, m), 2.91-3.13 (3H, m),
3.80-4.09 (1H, m), 4.19-4.46 (1H, m), 4.88-4.94 (1H, m),
6.46-6.77 (1H, m), 7.19 (1H, d, J=3.63 Hz), 7.69 (1H, s), 7.89
(1H, s), 8.06 (1H, s)

Compound 22: (1R,28,3R,5R)-3-{4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1}-5-{[({3-[(5-tert-butyl-
1H-1,3-benzodiazol-2-yl)methyl]cyclobutyl} methyl)
(propan-2-yl)amino]methyl }cyclopentane-1,2-diol

Stage 1: 3-{[(2-amino-4-tert-butylphenyl)carbamoyl]
methyl}-N-methoxy-N-methylcyclobutane-1-car-
boxamide

=z

NH,

N,N-Diisopropylethylamine (5.19 ml, 29.82 mmol) was
added to a suspension of 2-{3-[methoxy(methyl)carbamoyl]
cyclobutyl}acetic acid (3 g, 14.91 mmol), 4-tBu phenylene
diamine (2.69 g, 16.4 mmol) and (1-cyano-2-ethoxy-2-oxo-
ethylidenaminooxy)dimethylamino-morpholino-carbenium
hexafluorophosphate (7.02 g, 16.4 mmol) in dichloromethane
(60 ml) at 0° C. and stirred for 20 mins before being allowed
to warm to RT. The reaction was left at RT for 4 h. The
reaction mixture was concentrated, and the residue redis-
solved in EtOAc (60 ml). The solution was washed with water
(3x60 ml), then brine (60 ml), dried (MgSO,) and concen-
trated under reduced pressure. The crude material was puri-
fied by dry flash chromatography, eluting with 100% EtOAc
to afford the title compound (3.74 g, 46%) as a brown oil: MS
(EST") for C,,H,oN,0; m/z 348.5 [M+H]™; LC purity 26%
and 44% (UV), 18% and 68% (ELS), (ret. time, 1.65 and 1.71
min).

Stage 2: 3-[(5-tert-butyl-1H-1,3-benzodiazol-2-y1)
methyl]-N-methoxy-N-methylcyclobutane-1-car-
boxamide

/O\

\
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A stirred solution of 3-{[(2-amino-4-tert-butylphenyl)car-
bamoyl|methyl}-N-methoxy-N-methylcyclobutane-1-car-
boxamide (70%, 2.62 g, 5.28 mmol) in acetic acid (25 ml) was
heated to reflux for 1 h. The reaction mixture was concen-
trated under reduced pressure, and the residue partitioned
between sat. NaHCOj; (aq) (25 ml) and EtOAc (25 ml), and
the layers separated. The aqueous layer was extracted with
EtOAc (2x25 ml), the combined organics were washed with
brine (50 ml), dried (MgSO,) and concentrated. The crude
material was purified by silica flash column chromatography,
eluting with 1-10% 2M NH; in MeOH in DCM to afford the
title compound (2.02 g, 93%) as a yellow gum: MS (EST*) for
C,oH,,N;0, m/z330.5 [M+H]*; LC purity 80% (UV), 100%
(ELS), (ret. time, 1.51 min); 1H NMR (500 MHz, CHLORO-
FORM-d) 8, ppm 7.56 (br. s., 1H), 7.48 (d, J=8.5 Hz, 1H),
7.30(dd, J=8.5, 1.7 Hz, 1H), 3.80-3.90 (m, 1H), 3.65 (s, 3H),
3.47-3.57 (m, 1H), 3.20 (s, 3H), 2.94-3.13 (m, 2H), 2.88 (dt,
J=16.1, 8.1 Hz, 1H), 2.32-2.60 (m, 2H), 2.01-2.17 (m, 2H),
1.38 (s, 9H).

Stage 3: 3-[(5-tert-butyl-1-{[2-(trimethylsilyl)
ethoxy]methyl }-1H-1,3-benzodiazol-2-yl)methyl]-
N-methoxy-N-methylcyclobutane-1-carboxamide

7

To a solution of 3-[(5-tert-butyl-1H-1,3-benzodiazol-2-yl)
methyl]-N-methoxy-N-methylcyclobutane-1-carboxamide
(80%, 2.02 g, 4.91 mmol) in N,N-dimethylformamide (40 ml)
under N, was added potassium carbonate (1.36 g, 9.81 mmol)
and the reaction was stirred for 1 h. 2-(Trimethylsilyl)
ethoxymethyl chloride (1.31 ml, 7.36 mmol) was added
slowly, and stirring maintained for 20 h. The reaction mixture
was filtered and concentrated under reduced pressure. The
residue was taken up in EtOAc (50 ml) and washed with water
(3%50 ml), then brine (50 ml) before being dried (MgSO,)
and concentrated. The crude material was purified by silica
flash column chromatography, eluting with 50-100% EtOAc
in heptane to afford the title compound (1.21 g, 54%) as a
colourless gum: MS (ESIY) for C,sH,;N;0,Si m/z 461.0
[M+H]*; LC purity 97% (UV), 100% (ELS), (ret. time, 1.98
min); 'H NMR (500 MHz, CHLOROFORM-d)  ppm 7.58-
7.89 (m, 1H), 7.33 (s, 2H), 5.39-5.53 (m, 2H), 3.65 (s, 3H),
3.49-3.58 (m, 2H), 3.41 (br. s., 1H), 3.10-3.23 (m, 3H), 3.03
(s, 3H), 2.32-2.63 (m, 2H), 2.00-2.18 (m, 2H), 1.32-1.45 (m,
9H), 0.91 (td, J=8.1, 4.9 Hz, 2H), —0.13-0.07 (m, 9H).
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Stage 4: 3-[(5-tert butyl-1-{[2-(trimethylsily])
ethoxy]methyl}-1H-1,3-benzodiazol-2-yl)methyl]
cyclobutane-1-carbaldehyde

=7,

To a solution of 3-[(5-tert-butyl-1-{[2-(trimethylsilyl)
ethoxy]methyl}-1H-1,3-benzodiazol-2-yl)methyl]-N-meth-
oxy-N-methylcyclobutane-1-carboxamide (0.61 g, 1.32
mmol) in tetrahydrofuran (15 ml) was added dropwise 1M
diisobutylaluminum hydride solution in toluene (3.29 ml)
under N, at —10° C. The reaction was stirred at this tempera-
ture for 2.5 h before being quenched by the addition of metha-
nol (2 ml) and stirred for 5 mins. The solution was poured
onto saturated aq. Rochelle’s salt (20 ml), diluted with Et,O
(30 ml) and stirred for 30 min. This was then separated and the
organic layer was washed with Rochelle’s salt (30 ml), sat.
NaHCO; (30 ml), and brine (30 ml). This was dried (MgSO,)
and concentrated to afford the title compound (0.69 g, 130%)
as acolourless gum which was used crude in the next reaction.

Stage 5: 7-[(3 aS,4R,6R,6 aR)-6-{[({3-[(5-tert-butyl-
1-{[2-(trimethylsilyl)ethoxy methyl}-1H-1,3-benzo-
diazol-2-yl)methyl]cyclobutyl} methyl)(propan-2-y1)
amino|methyl}-2,2-dimethyl-hexahydrocyclopenta

[d][1,3]dioxol-4-y1]-7H-pyrrolo[2,3-d|pyrimidin-4-

amine

N

N N / {

) I
0 . _/
/N PN

3-[(5-Tert-butyl-1-{[2-(trimethylsilyl)ethoxy]methyl} -
1H-1,3-benzodiazol-2-yl)methyl|cyclobutane-1-carbalde-
hyde (282.3 mg, 0.7 mmol), 7-[(3aS,4R,6R,6aR)-2,2-dim-
ethyl-6-[ (propan-2-ylamino)methyl]|-hexahydrocyclopenta
[d][1,3]dioxol-4-y1]-7H-pyrrolo[2,3-d|pyrimidin-4-amine
(243.41 mg, 0.7 mmol) and magnesium sulfate (127.22 mg,
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1.06 mmol) were stirred in 1,2-dichloroethane (10 ml) for 15
mins. Sodium triacetoxyborohydride (179.21 mg, 0.85
mmol) was added, and the reaction stirred overnight. The
reaction was quenched by the addition of sat. Na,CO; (10
ml), and the solution was extracted with DCM (3x10 ml). The
combined organics were dried (MgSO,) and concentrated.
The crude material was purified by mass directed prep-HPL.C
(acidic method). After combining the fractions, a small
amount of 7M NH; in MeOH was added to basity the solu-
tion. After concentration, the residue was partitioned between
water (5 ml) and DCM (5 ml), and the layers separated. The
aqueous layer was extracted with DCM (2x3 ml) and the
combined organics were dried (MgSO,,) and concentrated to
afford the title compound (58.7 mg, 11%) as a colourless
gum: MS (ESI) for C,,H¢N,0581 m/z 730.2 [M+H]"; LC
purity 95% (UV), 100% (ELS), (ret. time, 1.65 min); 'H
NMR (500 MHz, CHLOROFORM-d) 9,, 8.30 (s, 1H), 7.75
(s, 1H),7.32(s,2H),7.04 (d,J=3.6 Hz, 1H), 6.37 (d,J=3.6 Hz,
1H), 5.40-5.50 (m, 2H), 5.24 (br. s., 2H), 4.89-5.04 (m, 2H),
4.45(d,J=5.2Hz, 1H), 3.50 (s, 3H), 2.11-3.09 (m, 13H), 2.01
(s, 6H), 1.34-1.49 (m, 6H), 1.29 (s, 3H), 0.85-1.02 (m, 8H),
-0.11-0.05 (m, 9H).

Stage 6: (1R,2S,3R,5R)-3-{4-amino-7H-pyrrolo[2,3-
d]pyrimidin-7-y1}-5-{[({3-[ (5-tert-butyl-1H-1,3-
benzodiazol-2-yl)methyl]cyclobutyl }methyl)(pro-
pan-2-ylaminomethyl}cyclopentane-1,2-diol

jﬁ/\O\/ A

7-[(3aS,4R,6R,6aR)-6-{[({3-[(5-tert-butyl-1-{[2-(trim-
ethylsilyl)ethoxy]methyl}-1H-1,3-benzodiazol-2-yl)me-
thyl]cyclobutyl}methyl)(propan-2-yl)amino]methyl}-2,2-
dimethyl-hexahydrocyclopenta[d][1,3]dioxol-4-y1]-7H-
pyrrolo[2,3-d|pyrimidin-4-amine (58.7 mg, 0.08 mmol) was
dissolved in conc. HCI solution (5 ml) and methanol (5 ml)
and heated to 40° C. for 2 h. The reaction mixture was con-
centrated under reduced pressure, and the residue partitioned
between sat. NaHCO;(aq) (10 ml) and EtOAc (10 ml). The
layers were separated and the aqueous layer was extracted
with EtOAc (2x10 ml), the combined organics were then
dried (MgSO,) and concentrated. The crude material was
purified by prep TLC, eluting with 10% 2M NH; in MeOH in
DCM to afford the title compound (24.7 mg, 55%) as a
colourless gum: MS (ESI*) for C;,H,sN,O, m/z 560.4
[M+H]*; LC purity 100% (UV), (ret. time, 5.10 min); ‘H
NMR (500 MHz, Acetone) &, 8.12 (s, 1H), 7.30-7.60 (m,
2H), 7.13-7.28 (m, 2H), 6.54 (d, J=3.5 Hz, 1H), 6.33 (br. s.,
1H), 4.85-5.07 (m, 1H), 4.36 (t, J=6.2 Hz, 1H), 4.08 (t, ]=5.2
Hz, 1H), 3.01 (d, J=7.7 Hz, 1H), 2.93 (d, J=7.4 Hz, 2H), 2.78
(br. s., 2H), 2.59-2.73 (m, 2H), 2.15-2.56 (m, 7H), 1.68 (dt,
J=12.4, 9.7 Hz, 1H), 1.44-1.62 (m, 2H), 1.35 (s, 9H), 0.90-
1.07 (m, 6 I1).



US 9,096,634 B2

287
Compound 23: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-(((3-(2-(5,6-dichloro-
1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)
amino)methyl)cyclopentane-1,2-diol

7-((3aS,4R,6R,6aR)-6-(((3-(2-(5,6-dichloro-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)
amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine

Cl
Cl
HN
SN
Q,
%, N
OII.. \
as
Ne At
NH
MeO
OMe
A solution of 3-(3-((((32R,4R,6R,6a8)-6-(4-((2,4-

dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoic acid (450
mg, 0.76 mmol) and 4,5-Dichloro-1,2-phenylenediamine
(161 mg, 0.910 mmol) in N,N-Dimethylformamide (7.8 ml)
was treated with N,N-Diisopropylethylamine (0.44 ml, 2.5
mmol) dropwise followed by N,N,N',N'-Tetramethyl-0-(7-
azabenzotriazol-1-yl}uronium Hexafluorophosphate (432
mg, 1.14 mmol) in one portion. The reaction mixture was
stirred at RT 5.5 h. The reaction mixture was concentrated
under high vac and the residue was partitioned between 50 ml
EtOAC and 50 ml 1/1 H,O/sat NaHCO;. The aqueous phase
was extracted with 30 ml EtOAc and the combined organic
phase was washed with 30 ml portions of H,O and brine. The
organic phase was dried over Na,SO,, filtered and concen-
trated to a foam. The crude material was purified by flash
chromatography (SiO, eluting with 5% 7N NH; in CH;OH/
CH,Cl,) to give the intermediate amide (as a mixture of
amide regioisomers, 520 mg).

The intermediate amide (0.52 g) in Acetic acid (16 ml) was
heated at 65° C. for 5.5 h, the reaction mixture was cooled and
placed under high vac to remove the acetic acid. The residue
was taken up in 70 ml CH,Cl, and washed with 50 ml portions
of sat NaHCO; and 2% Na,COj; solution. The organic phase
was dried over Na,SO,, filtered and concentrated to yield a
foam. The material was placed on high vacuum overnight and
the residue was purified twice by flash chromatography
(SiO,, eluting with 4% 7NH NH, in CH,OH/CH,Cl,, 2"¢
column eluting with 2-6% EtOH sat w/NH,/CH,Cl,) to give
the desired compound (377 mg) '"H NMR (400 MHz, MeOD)
8, ppm 8.10 (s, 1H), 7.63 (d, J=1.66 Hz, 2H), 7.21 (m, 1H),
7.13 (d, J=8.29 Hz, 1H), 6.62 (d, J=3.32 Hz, 1H), 6.54 (d,
J=2.07 Hz, 1H), 6.43 (dd, J=8.40, 2.38 Hz, 1H), 4.96 (m, 2H),
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4.65 (s, 2H), 4.51 (m, 1H), 3.84 (d, J=1.04 Hz, 3H), 3.76 (s,
3H), 2.99 (m, 0.5H), 2.83 (m, 2H), 2.66 (m, 0.5H), 2.38 (m,
4H),2.22 (m, 1H), 2.15 (d, I=7.67 Hz, 3H), 2.08 (m, 2H), 2.00
(m, 2H), 1.90 (m, 1H), 1.84 (m, 1H), 1.53 (s, 3H), 1.46 (m,
1H), 1.29 (s, 3H)

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-(((3-(2-(5,6-dichloro-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)me-
thyl)cyclopentane-1,2-diol

Cl
Cl
HN
=\
HO,
K N
HOm \
as
PV,
NH,

7-((3aS,4R,6R ,6aR)-6-(((3-(2-(5,6-Dichloro-1H-benzo
[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)methyl)-
2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-N-(2.4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine (377 mg, 0.513 mmol) was dissolved in a mixture of
Trifluoroacetic Acid (7.1 ml) and Water (0.8 ml) which had
been pre-cooled at 0° C. in an ice bath. The solution was
stirred at 0° C. for 30 minutes, then warmed to and stirring
was continued for 3 h at RT. The suspension was concentrated
and the residue was taken up in 15 ml MeOH and concen-
trated. This procedure was repeated twice and the residue
placed on high vacuum. The material was taken up in 10 ml
MeOH (gave a slurry) and was treated with 500 mg K,CO,
and 0.2 ml of water. The mixture was allowed to stir for 1.5 hr,
during which time the pH of the solution was —9. The mixture
was filtered through a fine frit, the solids were washed with 20
ml MeOH and the filtrate was concentrated to yield an off
white solid. The material was left on high vacuum overnight
and purified by flash chromatography (SiO,, eluting with
10-12% 7N NH; in CH;0OH/CH,Cl,) to give the desired
product (227 mg). 'HNMR (400 MHz, MeOD) 8, ppm 8.06
(s, 1H), 7.63 (m, 2H), 7.21 (dd, J=3.63, 2.38 Hz, 1H), 6.59 (d,
J=3.52 Hz, 1H), 4.32 (m, 1H), 3.88 (m, 1H), 3.01 (m, 0.5H),
2.84 (m, 2H), 2.70 (m, 0.5H), 2.51 (m, 1H), 2.40 (m, 2H), 2.26
(m, 2H),2.17 (d, J=7.05 Hz, 3H), 2.11 (m, 2H), 2.02 (m, 1H),
1.90 (m, 3H), 1.62 (m, 1H), 1.49 (m, 1H).

Compound 24: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d|pyrimidin-7-y1)-5-((methyl(3-(2-(5-(trif-
luoromethoxy)-1H-benzo|d|imidazol-2-yl)ethyl)
cyclobutyl)amino)methyl)cyclopentane-1,2-diol

N-(2-amino-4-(trifluoromethoxy )phenyl)-3-(3-((((3aR,
4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl )Jamino)-7H-pyr-
rolo[2,3-d]pyrimidin-7-yl)-2,2-dimethyltetrahydro-3aH-cy-
clopenta[d][1,3]dioxol-4-yl)methyl)(methyl)amino)
cyclobutyl)propanamide



US 9,096,634 B2

289 290
N
o><
HN F
o FoF

N
C ]
BN
NH
MeO
OMe
N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro- extracted with EtOAc (3x) and the combined organics were

nium Hexafluorophosphate (1.2 g, 3.2 mmol) added to a ,; dried with MgSO,, filtered and concentrated. The residue was
solution 3-(3-((((3aR,4R,6R,6a8)-6-(4-((2,4-dimethoxyben- ~ purified by flash chromatography (DCM/7N NH, in MeOH
zylamino)-7H-pyrrolo[2,3-d]pyrimidin-7-y)-2,2-dimeth- 95:5) to give the desired compound (2 g) as an oil.
yltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-yl)methyl)

(methyl)amino)cyclobutyl)propanoic acid (1.25 g, 2.10

mmol) and N,N-Diisopropylethylamine (1.2 mL, 6.9 mmol) N-(2,4-dimethoxybenzyl)-7-((3aS,4R,6R ,6aR)-2,2-
and 4-(trifluvoromethoxy)benzene-1,2-diamine (0.48 g, 2.5 ¥ dimethyl-6-((methyl(3-(2-(5-(trifluoromethoxy)-1H-
mmol) in N,N-Dimethylformamide (10 mL). The mixture benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)me-
was stirred overnight at RT, partially concentrated to ca. 2 mls thyl)tetrahydro-3aH-cyclopenta[d][ 1,3 ]dioxol-4-y1)-
and then NaHCO; (saturated) was added. The mixture was 7H-pyrrolo| 2,3-d]pyrimidin-4-amine

H>N

O,
g b
S F F

o
—Z

MeO.

OMe
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A solution of N-(2-amino-4-(trifluoromethoxy)phenyl)-3-
(3-((((3 aR,4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)
amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)
(methyl)amino)cyclobutyl)propanamide (2 g, 2 mmol) in
Aceticacid (4 ml) was stirred overnight at 60° C. The volatiles
removed in vacuo and remaining residue purified by flash
chromatography (DCM/7N NH; in MeOH 92:8) to give the
desired compound (1 g) as a solid.

(1R,2 S,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d|pyri-

midin-7-y1)-5-((methyl(3-(2-(5-(trifluoromethoxy)-

1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)
methyl)cyclopentane-1,2-diol

7

Trifluoroacetic Acid (20 ml) added to a mixture of Water (2
ml) and N-(2,4-dim ethoxybenzyl)-7-((3 aS,4R,6R,6aR)-2,2-
dim ethyl-6-((methyl(3-(2-(5-(trifluoromethoxy)-1H-benzo
[d]imidazol-2-yl)ethyl)cyclobutyl)Jamino)methyl)tetrahy-
dro-3aH-cyclopenta[d][1,3]dioxol-4-y1)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (1 g, 1 mmol) at RT.

The reaction was stirred for 1.5 hours then quenched with
Triethylsilane (0.43 ml, 2.7 mmol). The volatiles were
removed in vacuo and resulting residue was purified twice by
flash chromatography (DCM/7N NH; in MeOH 87:13) to
give the desired product (0.28 g) as a foam. MS (ESI") for
C,,H;3,FsN,O; m/z 560.2 [M+H]Y; MS (ESIT) for
C,,H;,F;N,0; m/z 558.2 [M-H]~; HPLC purity >93% (ret.
time, 2.504 min.) "H NMR (400 MHz, d,-MeOH) 3, 8.081
(s, 1H), 7.551-7.530 (m, 1H), 7.414 (s, 1H), 7.230-7.216 (m,
1H), 7.156-7.134 m, 1H), 6.621-6.613 (d, J=3.2 Hz, 1H),
4.362-4.326 (m, 1H), 3.952-3.915 (m, 1H), 3.237-3.182 (m,
0.5H (methine of trans isomer), 2.927-2.857 (m, 2.5H (con-
tains methine of cis isomer)), 2.697-2.646 (m, 1H), 2.590-
2.515 (m, 1H), 2.479-2.408 (m, 1H), 2.343-2.305 (m, 5H),
2.210-2.174 (m, 2H), 2.086-1.949 (m, 4H), 1.721-1.545 (m,
2H). Retention time: 2.52 min 1HPLC Conditions: Agilent
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Zorbax Exlipse XDB-C18 column, 4.6x50 mm (1.8 um pack-
ing), Solvent A—Water (0.1% TFA), Solvent B—Acetoni-
trile (0.07% TFA) 6 min gradient from 5 to 95% B; 1 min
hold; then recycle.

Compound 25: (1R,28,3R,5R)-3-(4-amino-7H-pyr-

rolo[2,3-d]pyrimidin-7-y1)-5-(((3-(2-(5-(tert-butyl)-

1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(ethyl)
amino)methyl)cyclopentane-1,2-diol

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((((3aR,4R,
6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-
pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahy-
dro-3aH-cyclopenta[d][1,3]dioxol-4-y])methyl)
(ethyl)amino)cyclobutyl)propanamide

N/\
Oll,

N
o
Naw /
NH

O NH

MeO
NH,

OMe

N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro-
nium Hexafluorophosphate (0.84 g, 2.2 mmol) added to a
solution 3-(3-((((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxyben-
zyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-y1)-2,2-dimeth-
yltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-yl)methyl)
(ethyl)amino)cyclobutyl)propanoic acid (0.89 g, 1.5 mmol)
and N,N-Diisopropylethylamine (0.84 ml, 4.8 mmol) and
4-tert-butylbenzene-1,2-diamine (0.29 g, 1.8 mmol) in N,N-
Dimethylformamide (9 ml). The reaction was stirred over-
night at RT, partially concentrated to ca. 2 ml and then
NaHCO; (saturated) was added. The mixture was extracted
with EtOAc (3x) and the combined organics were dried with
MgSO,, filtered and concentrated. The residue was purified
by flash chromatography (DCM 1 7N NH; in MeOH 94:6) to
give the desired compound (0.88 g) as a colorless solid.
Retention time C, 3.363 minutes.
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7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(ethyl)
amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine

Q,
Olu.
N
o
Nas /
NH
N/ NH
MeO.
OMe

A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-(3-
((((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-
7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][ 1,3]dioxol-4-yl)methyl)(ethyl)amino)
cyclobutyl)propanamide (0.88 g, 1.2 mmol) in Acetic acid (3
ml) was stirred overnight at 60° C., the volatiles removed in
vacuo and remaining residue purified by flash chromatogra-
phy (DCM/7N NH; in MeOH 93:7) to give the desired com-
pound (0.85 g) as a foam.

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-(((3-(2-(5-(tert-butyl)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)(ethyl )Jamino)methyl)
cyclopentane-1,2-diol

HO,
NN
HOmu:-
as
NH,
N 7z NH

Trifluoroacetic Acid (20 mL) was added to a mixture of
Water (2 mL) and 7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-bu-
tyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(ethyl)
amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[ d]
[1,3]diox01-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,
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3-d|pyrimidin-4-amine (0.85 g, 1.2 mmol) at RT. The
reaction was allowed to proceed for one hour at which time
Triethylsilane (0.37 mL, 2.3 mmol) was added. The volatiles
were removed in vacuo and resulting residue was taken up in
MeOH (3 mls), 1 ml of K,CO; (saturated) was added and
reaction stirred at RT for 1 hour. The mixture was partitioned
between H,O and DCM/MeOH (9:1). The aqueous layer was
extracted (3x) and the combined organics dried with MgSO,,,
filtered and concentrated. The resulting residue was purified
by flash chromatography (DCM/7N NH; in MeOH 90:10) to
yield the desired product (0.150 g) as an off white foam. MS
(ESLY) for C5,H,3N,0, m/z 546.3 [M+H]"; MS (ESI™) for
C;,H,sN,O, mv/z 544.3 [M-H]™; HPLC purity >91% (ret.
time, 2.734 min.) "H NMR (400 MHz, d,-MeOH) 3, 8.081
(s, 1H), 7.493 (s, 1H), 7.414-7.393 (m, 1H), 7.291-7.266 (m,
1H), 7.215-7.202 (m, 1H), 6.619-6.609 (d, J=4.0 Hz, 1H),
4.345-4.312 (m, 1H), 3.923-3.885 (m, 1H), 2.994-2.915 (m,
0.5; H (methine of trans isomer)), 2.860-2.793 (m, 2H),
2.701-2.578 (m, 3H), 2.501-2.380 (m, 2H), 2.259-2.234 (m,
2H), 2.109-2.008 (m, 3H), 1.920-1.880 (m, 3H), 1.658-1.499
(m, 2H), 1.364 (s, 9H), 1.036-0.991 (m, 3H). Retention time:
2.734 minutes. HPLC Conditions: Agilent Zorbax Exlipse
XDB-C18 column, 4.6x50 mm (1.8 um packing), Solvent
A—Water (0.1% TFA), Solvent B—Acetonitrile (0.07%
TFA). 6 min gradient from 5 to 95% B; 1 min hold; then
recycle

Compound 26: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-(((3-(2-(5-bromo-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)
amino)methyl)cyclopentane-1,2-diol

N-(2-amino-4-bromophenyl)-3-(3-((((3aR,4R,6R,
6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][ 1,3]dioxol-4-yl)methyl)(methyl)
amino)cyclobutyl)propanamide

HN

Br
HN
D/\/g e}

-z

MeO.

OMe
N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro-

nium Hexafluorophosphate (1.20 g, 3.16 mmol) was added to
a solution 3-(3-((((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-

ethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y])methyl)
(methyl)amino)cyclobutyl)propanoic acid (1.25 g, 2.10
mmol) and N,N-Diisopropylethylamine (1.21 ml, 6.95
mmol) and 4-bromobenzene-1,2-diamine (0.472 g, 2.53
mmol) in N,N-Dimethylformamide (13.0 ml). The reaction
was stirred overnight at RT, partially concentrated to ca. 2 mls
and then NaHCO; (saturated) was added. The mixture was
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extracted with EtOAc (3x) and the combined organics were
dried with MgSO,, filtered and concentrated. The residue was
purified by flash chromatography (DCM/7N NH; in MeOH
95:5) to give the desired compound (1.2 g) as a solid.

7-((3aS,4R,6R ,6aR)-6-(((3-(2-(5-bromo-1H-benzo
[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)
methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d]
[1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-
pyrrolo[2,3-d|pyrimidin-4-amine 10

Br
HN 15
=N
Q,
. N
On,, \
20
N
an
N NS
NH 25
MeO
OMe 30

A solution of N-(2-amino-4-bromophenyl)-3-(3-((((3aR,
4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-pyr-
rolo[2,3-d]pyrimidin-7-yl)-2,2-dimethyltetrahydro-3aH-cy- ;5
clopenta[d][1,3]dioxol-4-y])methyl)(methyl)amino)
cyclobutyl)propanamide (1.2 g, 1.6 mmol) in Acetic acid (4
ml, 70 mmol) was stirred overnight at 60° C., the volatiles
were removed in vacuo and remaining residue purified
directly by flash chromatography (DCM/7N NH; in MeOH
91:9) to give (0.9 g) as a foam.

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-(((3-(2-(5-bromo-1H-benzo| d]imida-
701-2-yl)ethyl)cyclobutyl)(methyl )amino)methyl)

. 45
cyclopentane-1,2-diol
Br 50
HN
=N
HOQ
¥, 55
HO1m:- \
N
o
60
P
NH,

Trifluoroacetic Acid (20 ml) added to a mixture of Water (2 65
ml) and 7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-bromo-1H-benzo
[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)methyl)-

296
2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y1)-N-(2.4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine (0.9 g, 1 mmol) at RT. The reaction mixture was
stirred for one hour, Triethylsilane (0.39 ml, 2.4 mmol) was
added. The volatiles were removed in vacuo and resulting
residue was purified twice by flash chromatography (DCM/
7N NH; in MeOH 87:13). The residue was taken up in
MeOH/H,O (5:0.5 ml) and K,CO; (100 mg) added. The
mixture was stirred for 1 hour, then concentrated and purified
by flash chromatography (DCM/7N NH; in MeOH 87:13) to
give the desired product (0.15 g) as an off-white foam/gum.
cyclobutyl)(methyl)amino)methyl)cyclopentane-1,2-diol
(0.15 g; 20%) as an off-white foam/gum. MS (ESI*) for
C,H3,BrINJO, m/z 5541 [M+H]; MS (ESID)
C,H5,BrN-O, m/z 552.1 [M-H]~; HPLC purity >90% (ret.
time, 2.298 min.) 'H NMR (400 MHz, d,-MeOH) §,, 8.080
(s, 1H), 7.652 (s, 1H), 7.425-7.403 (m, 1H), 7.342-7.7.312
(m, 1H), 7.232-7.217 (m, 1H), 6.620-6.611 (d, J=3.6 Hz, 1H),
4.358-4.318 (m, 1H), 3.928-3.888 (m, 1H), 3.099-3.039 (m,
0.5H (methine of trans isomer)), 2.898-2.829 (m, 2H), 2.777-
2.726 (m, 0.5H (methine of cis isomer)), 2.580-2.529 (m,
1H), 2.453-2.397 (m, 2H), 2.307-2.141 (7H), 2.068-2.017
(m, 1H), 1.955-1.891 (m, 3H), 1.695-1.506 (m, 2H).

Compound 27: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-y1)-5-((isopropyl(3-(2-(5-(1-methylcyclobutyl)-
1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)
methyl)tetrahydrofuran-3,4-diol

9-((3 aR,4R,6R,6aR)-6-((isopropyl(3-(2-(5-(1-meth-
ylcyclobutyl)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)amino)methyl)-2,2-dimethyltetrahydrofuro
[3,4-d][1,3]dioxol-4-y1)-9H-purin-6-amine

o ON

NH,

o)

0
0
""u,, N
o)

A solution of 5'-{[3-(2-carboxyethyl)cyclobutyl](isopro-
pyDamino}-5'-deoxy-2',3'-0-isopropylideneadenosine
(0.463 g, 0.976 mmol) and 4-(1-methylcyclobutyl)benzene-
1,2-diamine (0.184 g, 1.04 mmol) in N,N-Dimethylforma-
mide (10 ml) was cooled at 0° C. The

solution was treated with N,N-Diisopropylethylamine
(0.462 ml, 2.65 mmol) dropwise followed by N,N,N'N'-Tet-
ramethyl-0-(7-azabenzotriazol-1-yl)uronium  Hexatluoro-
phosphate (0.367 g, 0.965 mmol) in one portion. The mixture
was stirred at 0° C. for 1 h then slowly warmed to RT. After 5
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h at RT the reaction mixture was stored in the fridge over-
night, the reaction mixture was placed under high vacuum.
The resultant glass was taken up in 30 ml H,O and extracted
with 30 ml portion of 10% MeOH/EtOAc. The aqueous phase
was further extracted with 30 ml portion of EtOAc. The
combined organic phases were washed with 25 ml portions of
sat NaHCO, and brine and dried over Na,SO,. The mixture
was filtered and concentrated to yield a glass/foam (700 mg).
The crude material was purified by flash chromatography
(810, 4-5% 7N NH; in MeOH/CH,Cl,) to give the interme-
diate amide (~80% purity, 390 mg).

The intermediate amide (110 mg, 0.174 mmol) was taken
up in 4 ml acetic acid and the solution was heated at 65° C.
The reaction mixture was cooled and the volatiles were
removed under high vacuum to yield a glass. The crude prod-
uct was taken up in 25 ml CH,Cl, and washed with 20 ml sat
NaHCO; and 2% Na,COj solution, dried over Na,SO,, fil-
tered and concentrated to yield a glass/stift foam. The crude
material was purified by prep TLC (SiO,, eluting with 7% 7N
NH; in CH;OH/CH,Cl,) to give the desired product as a stiff
foam (54 mg). This above procedure was repeated (except
purification was by flash chromatography, SiO, eluting with
4-5% 7N NH,; in CH;OH/CH,Cl,) on a further batch of the
intermediate amide (389 mg) to yield a further 368 mg of the
desired compound which was combined with the above ben-
zimidazole.

(2R,3R,48S,5R)-2-(6-amino-9H-purin-9-y1)-5-((iso-

propyl(3-(2-(5-(1-methylcyclobutyl)-1H-benzo[d]

imidazol-2-yl)ethyl)cyclobutyl)amino )methyl)tet-
rahydrofuran-3,4-diol

ik

(6]
HO

- N
"/,,, /
HO

9-((3aR,4R,6R,6aR)-6-((isopropyl(3-(2-(5-(1-methylcy-

clobutyl)-1H-benzo| d]imidazol-2-yl)ethyl)cyclobutyl)
amino)methyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]di-
oxol-4-y)-9H-purin-6-amine 422 mg, 0.686 mmol) was
dissolved in a mixture of Trifluoroacetic Acid (6.3 ml, 82
mmol) and water (0.7 ml, 40 mmol) which had been pre-
cooled at 0° C. in an ice bath. The solution was stirred at 0° C.
for 30 minutes, upon which the ice bath was removed and the
mixture was warmed to RT. The mixture was stirred at RT for
2.5 h upon which the residue was taken up in 12 ml MeOH,
concentrated to dryness. This was repeated twice, the result-
ant glass was placed under high vacuum. The crude residue
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was diluted with 11 ml MeOH, treated with 600 mg K,CO,
and 0.5 ml H,O and allowed to stir at RT till the solution was
basic as determined by pH paper. The mixture was filtered and
the solids were washed with 20 ml MeOH. The solution was
concentrated to a residue that was placed under high vacuum.
The crude material was purified by flash chromatography
(Si0,, eluting with 10-12% 7N NH; in CH,OH/CH,Cl,) to
give the desired compound as a stiff foam/glass (256 mg). 'H
NMR (400 MHz, MeOD) d,, ppm 8.30 (m, 1H), 8.20 (d,
J=1.04 Hz, 1H), 7.38 (d, J=8.09 Hz, 1H), 7.22 (br. s., 1H),
6.98 (dd, J=8.50, 1.66 Hz, 1H), 5.96 (m, 1H), 4.74 (t, J=4.87
Hz, 1H), 4.27 (d. J=3.11 Hz, 1H), 4.08 (m, 1H), 3.56 (m, 1H),
3.13 (m, 1H), 3.00 (m, 1H), 2.90 (dd, J=14.51, 4.35 Hz, 1H),
2.75 (m, 3H), 2.41 (m, 2H), 2.12 (m, 5H), 2.00 (m, 1H), 1.84
(m, 3H), 1.58 (m, 1H), 1.46 (s, 3H), 1.02 (m, 3H), 0.95 (d,
J=6.63 Hz, 3H).

Compound 28 (2R,3R,48S,5R)-2-(6-amino-9H-purin-
9-yD)-5-((isopropyl((1r,3S)-3-(2-(5-(1-methylcy-
clobutyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)amino)methyl)tetrahydrofuran-3.4-diol

The diastereomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to a white pow-
der (132 mg). 'H NMR (400 MHz, MeOD) d ppm 8.30 (s,
1H), 8.20 (s, 1H), 7.38 (d, J=8.09 Hz, 1H), 7.22 (s, 1H), 6.99
(dd, J=8.40, 1.55 Hz, 1H), 5.96 (d, J=4.56 Hz, 1H), 4.73 (m,
1H), 4.26 (t,1=5.29 Hz, 1H), 4.07 (m, 1H), 3.13 (m, 1H), 3.00
(m, 1H), 2.90 (dd, J=14.41, 4.46 Hz, 1H), 2.76 (t, J=7.15 Hz,
2H), 2.70 (m, 1H), 2.42 (m, 2H), 2.18 (m, 2H), 2.11 (m, 3H),
1.85 (m, 4H), 1.57 (q, J=8.85 Hz, 2H), 1.47 (s, 3H), 1.02 (d,
J=6.84 Hz, 3H), 0.95 (d, J=6.63 Hz, 3H).

Compound 29: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((methyl(3-(2-(5-(1-
methylcyclobutyl)-1H-benzo[d]imidazol-2-yl)ethyl)
cyclobutyl)amino)methyl)cyclopentane-1,2-diol

(1-methylcyclobutyl)benzene

A stirred mixture of benzene (5.0 ml, 56 mmol) and Sul-
furic acid (1.17 ml, 21.9 mmol) was cooled to 0° C. and
treated dropwise with a solution of Methylenecyclobutane
(1.00 ml, 10.8 mmol) in Benzene (3.0 ml, 34 mmol) over-1 h.
Upon completion of the addition, the reaction mixture was
stirred an additional 1 h while being warmed to RT. The
mixture extracted with 15 ml of hexane. The organic phase
was washed with 10 ml H,O and 10 ml sat NaHCO,, dried
over Na,SO,, filtered and concentrated to yield a colorless
liquid. The liquid was purified by kugelrohr distillation (5-10
torr) to yield the desired compound as a colourless liquid.
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First fraction was collected at 75-85° C. as a colorless liquid
(330 mg) of product as a colorless liquid.

1-(1-methylcyclobutyl)-4-nitrobenzene

NO,

70% Nitric acid (7:3, Nitric acid:Water, 0.375 ml, 5.92
mmol) was added dropwise over 60 minutes to a solution of
(1-methylcyclobutyl)benzene (346 mg. 2.37 mmol) in Acetic
anhydride (1.4 mL, 15 mmol) cooled at 0° C. The temperature
of the solution was maintained below 5° C. during the addi-
tion. Upon completion of the addition, the reaction was stirred
for 60 minutes with cooling. The reaction mixture was poured
into 40 ml ice water and the ice was allowed to melt. The
aqueous phase was extracted with threex20 ml portions of
Et,O and the combined organic phase was washed with 25 ml
H,0 followed by two 20 ml portions of sat NaHCO; solution.
The organic phase was dried over Na,SO,, filtered and con-
centrated to yield a light the product as an oil (418 mg) which
was used as is in the next step. "H NMR (400 MHz, CDCl,)
dppm 8.16 (d. J=8.71 Hz, 2H), 7.29 (d, J=8.71 Hz, 2H), 2.41
{m, 2H), 2.15 (m, 3H), 1.88 (m, 1H). 1.48 (s, 3H)

4-(1-methylcyclobutyl)aniline

NH,

A solution of 1-(1-methylcyclobutyl)-4-nitrobenzene (708
mg, 3.70 mmol) in Ethanol (24 mL., 410 mmol) was treated
carefully with 5% Pd on Carbon (87 mg. 0.041 mmol). The
reaction flask was evaculated and filled with hydrogen gas
three times and the reaction mixture was stirred under an
atmosphere of Hydrogen for 19 h. The reaction mixture was
filtered

through a pad of solka Floc® and the pad was washed with
25 mL EtOH. The solvent was removed to yield an oil that
was placed under high vacuum briefly to yield the desired
compound (609 mg) which was used directly in the next step.
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'H NMR (400 MHZ, CDCI3) o ppm 6.99 (m, 2H), 6.66 (m,
2H), 3.39 (br. 5., 2H), 2.35 (m, 2H), 2.05 (m, 3H), 1.82 (m,
1H), 1.42 (s, 3H).

2,2,2-trifluoro-N-(4-(1-methylcyclobutyl)-2-nitro-

phenyl)acetamide
NO,
NH
F3C\\(
(6]

4-(1-Methylcyclobutyl)aniline (500 mg, 2.79 mmol) and
Ammonium Nitrate (220 mg, 2.8 mmol) were treated with
Trifluoroacetic anhydride (1.97 mL, 14.0 mmol) followed by
Chloroform (10 mL, 120 mmol). The reaction mixture was
allowed to stir at RT till for 5 h upon which all the solids had
dissolved. The reaction mixture was poured into 50 ml H,O
and extracted with three 25 ml portions of CH,Cl,. The com-
bined organic phase was washed with 10 mL sat. NaHCO,,
dried over Na,SO,, filtered and concentrated to an oil. The
crude material was purified by flash chromatography (SiO,,
eluting with 2.5-3.5% ethyl ether/hex.) to give the desired
compound (800 mg).

4-(1-methylcyclobutyl)-2-nitroaniline

NO,

NH,

A solution of 2,2,2-trifluoro-N-[4-(1-methylcyclobutyl)-
2-nitrophenyl]acetamide (580 mg. 1.9 mmol) in Methanol
(18 ml, 440 mmol) was treated with a solution of Potassium
carbonate (788 mg, 5.70 mmol) in Water (4.5 ml, 250 mmol)
and the mixture was heated at 45° C. for 50 minutes The
reaction mixture was cooled to RT and the methanol was
removed in vacuo. The remaining aqueous phase was diluted
with 10 ml H,O and extracted with three 20 ml portions of
EtOAc. The combined organic phase was dried over Na,SO,,
filtered and concentrated to yield an oil. The material was
placed on high vacuum where upon it solidified giving the
desired compound (400 mg). The material was used directly
in the next step 'H NMR (400 MHz. CDCI3) d ppm 7.90 (d,
J=2.07 Hz, 1H), 7.23 (dd, ]=8.50, 2.28 Hz, 1H), 6.77 (d,
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J=8.71 Hz, 1H), 5.96 (br. 5., 2F), 2.33 (m, 2H), 2.13 (m, 1H),
2.04 (m, 2H), 1.84 (m, 1H), 1.43 (s, 3H).

4-(1-methylcyclobutyl)benzene-1,2-diamine

NH,

NH,

A solution of 4-(1-methylcyclobutyl)-2-nitroaniline (138
mg. 0.668 mmol) in ethanol (8.5 mL, 140 mmol) was care-
fully treated with 10% Palladium on Carbon (14.2 mg, 0.0134
mmol) as a slurry in ethanol. The reaction flask was evacuated
and filled with hydrogen gas three times and the reaction
mixture was stirred under an atmosphere of Hydrogen for 4 h.
The reaction mixture was filtered through a pad of solka
Floc® and the pad was washed with 20 ml MeOH. The filtrate
was concentrated to yield an oil which was placed under high
vacuum yielding the desired compound as a solid (119 mg)
which was used directly in the next step. 'HNMR (400 MHZ.
CDCl,) 9, ppm 6.66 (m, 1H), 6.53 (m, 2H), 3.34 (br. s., 4H),
2.33 (m, 2H), 2.08 (m, 1H), 1.99 (m. 2H). 1.80 (m, 1H), 1.42
(s, 3H).

N-(2,4-dimethoxybenzyl)-7-((3aS,4R,6R,6aR)-2,2-
dimethyl-6-((methyl(3-(2-(5-(1-methylcyclobutyl)-
1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)
methyl)tetrahydro-3aH-cyclopenta[d][ 1,3 ]dioxol-4-
yD)-7H-pyrrolo[2,3-d|pyrimidin-4-amine
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A of  3-(3-((((3aR,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoic acid (387

solution

mg, 0.652 mmol) and [8]4-(1-methylcyclobutyl)benzene-1,
2-diamine (120 mg, 0.68 mmol) in N,N-Dimethylformamide

(6.7 ml, 87 mmol) was treated with N,N-Diisopropylethy-
lamine (0.38 ml, 2.2 mmol) dropwise followed by N.N,N',N'-
Tetramethyl-0-(7-azabenzotriazol-1-yl)uronium Hexafluo-
rophosphate (372 mg, 0.978 mmol) in one portion. The
reaction mixture was stirred at RT for 2.5 hr, the reaction
mixture was then concentrated under high vacuum. The resi-
due was partitioned between 40 ml EtOAc (some CH,Cl, was
added to aid in solublizing the product) and 40 ml 1/1 H,O/sat
NaHCO;. The aqueous phase was extracted with 30 ml 1/1
EA/CH,Cl, and the combined organic phase was dried over
Na,SO,, filtered and concentrated. The crude material was
purified by flash chromatography (SiO,, eluting with 5-6%
7N NH; in CH;OH/CH,Cl,) to give the desired intermediate
as a mixture of amide regioisomers.

The intermediate was taken up in Acetic acid (5.4 ml, 95
mmol) and the solution was heated at 65° C. for 3 hours. The
acetic acid was removed under high vacuum with the aid of a
warm water bath. The crude product was taken up in 30 ml
CH,Cl, and the organic phase was washed with 10 ml por-
tions of sat NaHCO; and 2% K,CO; solutions, dried over
Na,SO,, filtered and concentrated to a glass that produced a
foam under high vacuum. The crude material was purified by
flash chromatography (SiO, eluting with 5% 7N NH, in
CH,OH/CH, (I, to yield the desired product (140 mg).
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(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-((methyl(3-(2-(5-(1-methylcyclobu-

tyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
amino)methyl)cyclopentane-1,2-diol

e

-z

NH,

N-(2,4-dimethoxybenzyl)-7-((3aS,4R,6R 6aR)-2,2-dim-
ethyl-6-((methyl(3-(2-(5-(1-methylcyclobutyl)-1H-benzo[ d]
imidazol-2-yl)ethyl)cyclobutyl)amino)methyl)tetrahydro-
3aH-cyclopenta[d][ 1,3]dioxol-4-y1)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (128 mg, 0.17 4 mmol) was dissolved in a
mixture of Trifluoroacetic Acid (3.60 ml, 46.7 mmol) and
Water (0.4 ml, 20 mmol) which had been pre-cooled at 0° C
in an ice bath. The solution was stirred at 0° C. for 30 minutes,
then the ice bath was removed and the mixture was warmed to
RT at which this temperature was maintained for a further 2.5
hours. The reaction mixture was concentrated in vacuo. The
residue was taken up in 3 ml MeOH and concentrated and the
process was repeated twice. The resultant white residue was
placed on high vacuum. The crude residue was combined
with another batch of crude material (prepared identically,
~14 of the amount used in this reaction), diluted with 5 m[
MeOH, treated with 140 mg K,CO;, 10 drops of H,O and
allowed to stir at RT till the solution was basic by pH paper.
The mixture was filtered and the solids were washed with 15
ml MeOH. The solution was concentrated to an oil that was
placed on high vacuum. The crude material was purified by
flash chromatography (SiO,, eluting with 10-15% 7N NH; in
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CH,OH/CH,Cl, to yield the desired product as glass/stlff 40

foam (68 mg) 1H NMR (400 MHz, MeOD) &, ppm 8 06 (s,
1H), 7.39 (d, I=7.88 Hz, 1H), 723(5 1H), 7.21 (dd, J=3.63,
1.76 Hz, 1H), 6.99 (m, lH), 6.60 (d,J=3.52 Hz, 1H), 4.93 (m,
1H), 4.32 (m, 1H), 3.89 (m, 1H), 3.03 (m, 1H), 2.83 (m, 2H),
2.70 (q,J1=8.15 Hz, 1H), 2.52 (m, 1H), 2.40 (m, 4H), 2.27 (m,
2H),2.18 (d,J=6.22 Hz, 3H), 2.11 (m, 4H), 2.03 (m, 1H), 1.86
(m, 4H), 1.62 (m, 1H), 1.51 (m, 1H), 1.47 (s, 3H).
Compound 30: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-y1)-5-((methyl(1r,3S)-3-(2-(5-(1-methylcy-
clobutyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)amino)methyl)tetrahydrofuran-3.4-diol

HO /
ey N,

O..,,,,/\rd

HN
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The diastereomers were separated by SFC. The material
was taken up in MeOH/H,,O and lyophilized to a white pow-
der (67 mg). 'H NMR (400 MHz, MeOD) §,, ppm 8.27 (s,
1H), 8.20 (s, 1H), 7.38 (d, J=8.29 Hz, 1H), 7.22 (br. 5., 1H),
6.99 (dd, J=8.40, 1.55 Hz, 1H), 5.97 (d, J=4.15 Hz, 1H), 4.69
(dd, J=5.18, 4.15 Hz, 1H), 4.22 (t, J=5.60 Hz, 1H), 4.16 (m,
1H),2.77 (m, 2H), 2.72 (d, J=8.09 Hz, 1H), 2.67 (m, 2H), 2.42
(m, 2H), 2.21 (m, 2H), 2.15 (s, 3H), 2.10 (m, 3H), 1.85 (m,
4H), 1.47 (s, 3H), 1.46 (m, 2H).

Compound 31: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-y1)-5-((isopropyl((1s,3R)-3-(2-(5-(1-methylcy-
clobutyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)amino)methyl)tetrahydrofuran-3.4-diol

oON

NH,

@O>

HO ;
gy /
HO

The diastereomers were separated by SFC. The material
was found to be the trans diastereomer by NMR. The material
was taken up in MeOH/H,O and lyophilized to a white pow-
der. (63 mg). "H NMR (400 MHz, MeOD) 3, ppm 8.31 (s,
1H), 8.20 (s, 1H), 7.38 (d, J=8.29 Hz, 1H), 7.22 (s, 1H), 6.99
(dd, J=8.29, 1.66 Hz, 1H), 5.97 (d, J=4.56 Hz, 1H), 4.74 (m,
1H), 4.27 (t,1=5.39 Hz, 1H), 4.09 (m, 1H), 3.53 (m, 1H), 3.01
(m, 1H), 2.93 (dd, J=14.72, 4.35 Hz, 1H),2.80 (t, J=7.46 Hz,
2H), 2.73 (dd, J=14.51,7.46 Hz, 1H), 2.42 (m, 2H), 2.13 (m,
5H), 2.01 (m, 3H), 1.82 (m, 3H), 1.47 (s, 3H), 1.02 (d, J=6.63
Hz, 3H), 0.95 (d, J=6.63 Hz, 3H).

Compound 32: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)cyclopentane-1,2-diol

NI,

=z
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The disatereosisomers were separated by SFC. (conditions
listed below) yielded 120 mg. Preparative Method: IC (2x15
cm), 35% isopropanol (0.2% DEA))CO,, 100 bar, 60
ml./min, 220 nm., inj vol.: 0.75 mL, 4 mg/m[. methanol Peak
1: 5.27 minutes. 'H NMR (400 MHz, d,-MeOH) §,, 8.080 (s,
1H), 7.495 (s, 1H), 7.417-7.395 (m, 1H), 7.303-7.281 (m,
1H), 7.220-7.212 (m, 1H), 6.619-6.610 (m, 1H), 4.349-4.315
(m, 1H), 2.837-2.802 (m, 2H), 2.718-2.641 (m, 1H), 2.508-
2.365 (m, 3H), 2.284-2.258 (m, 3H), 2.156 (s, 3H), 1.954-
1.906 (m, 1H), 1.549-1.460 (m, 2H), 1.375 (s, 9H).

Compound 33: (2R,3R,48,5R)-2-(6-amino-9H-pu-

rin-9-y1)-5-((methyl(3-(2-(5-(1-methylcyclobutyl)-

1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)
methyl)tetrahydrofuran-3,4-diol

O
—Q
UVY
O

9-((3 aR,4R,6R,6 aR)-2,2-dimethyl-6-((methyl(3-(2-

(5-(1-methylcyclobutyl)-1H-benzo[ d]imidazol-2-y1)

ethyl)cyclobutyl)amino)methyl)tetrahydrofuro[3,4-d]
[1,3]dioxol-4-y1)-9H-purin-6-amine

%«OQWIL

0

A solution of 3-(3-((((32R,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoic acid
(0.461 g, 1.03 mmol) and 4-(1-methylcyclobutyl)benzene-1,
2-diamine (0.150 g, 0.851 mmol) in N,N-Dimethylforma-
mide (11 ml, 140 mmol) was cooled at 0° C. The solution was
treated with N,N-Diisopropylethylamine (0.489 ml, 2.81
mmol) dropwise followed by N,N,N',N'-Tetramethyl-0-(7-
azabenzotriazol-1-yl)uronium Hexafluorophosphate (0.388
g, 1.02 mmol) in one portion. The mixture was stirred at 0° C.
for 30 minutes then slowly warmed to RT, stirring was con-
tinued at RT for 6 h. The reaction mixture was diluted with 30
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ml H,O and extracted with 25 ml portions of 10% MeOH/
EtOAc. The aqueous phase was further extracted with two 20
ml portions of EtOAc. The combined organic phases were
washed with 25 ml portions of sat. NaHCO;, brine and dried
over Na,SO,. The solution was filtered and concentrated to
yield a glass. The crude material was purified by flash chro-
matography (SiO,, eluting with 5% 7N NH; in MeOH/
CH,Cl,.

The intermediate amide was taken up in Acetic acid (7.0
ml, 120 mmol) and the solution was heated at 65° C. for 2.5h,
the reaction mixture was cooled and the acetic acid was
removed under high vacuum to yield a glass. The crude prod-
uct was taken up in 25 ml CH,Cl, and washed with 20 ml sat
NaHCO;, 2% Na,CO, solution, dried over Na,SO,, filtered
and concentrated in vacuo to yield a glass/stiff foam. The
crude material was purified by flash chromatography (SiO,,
eluting with 5-7% 7N NH; in CH,;OH/CH,Cl,) to give the
desired compound (214 mg). (2R,3R,4S,5R)-2-(6-amino-
9H-purin-9-y1)-5-((methyl(3-(2-(5-(1-methylcyclobutyl)-
1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)amino)methyl)
tetrahydrofuran-3,4-diol

QO

9-((3aR,4R,6R ,6aR)-2,2-dimethyl-6-((methyl(3-(2-(5-(1-
methylcyclobutyl)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)amino)methyl)tetrahydrofuro[3,4-d][ 1,3]dioxol-4-
y1)-9H-purin-6-amine (188 mg, 0.320 mmol) was dissolved
in a mixture of Trifluoroacetic Acid (4.00 ml, 51.9 mmol) and
Water (0.4 ml, 20 mmol) which had been pre-cooled at 0° C
in an ice bath. The solution was stirred at 0° C. The reaction
was stirred for 30 minutes at 0° C., then the ice bath was
removed and the mixture was warmed to RT where stirring
was continued for a further 2 h. The reaction mixture was
concentrated in vacuo. The residue was taken up in 10 ml
MeOH and concentrated and the process was repeated twice.
The resultant glass was placed under high vacuum for 1 h. The
crude residue was diluted with 7 ml MeOH, treated with 150
mg K,COj; and 10 drops of H,O and allowed to stir at RT till
the solution was basic by pH paper. The mixture was filtered
and the solids were washed with 10 ml MeOH. The solution
was concentrated to a residue that was placed under high
vacuum. The crude material was purified by flash chromatog-
raphy (SiO,, eluting with 10-15% 7N NH; in CH,OH/
CH,Cl,) to give the desired compound as a glass/stiff foam
(66%). "H NMR (400 MHz, MeOD) 3, ppm 8.28 (m, 1),
8.20 (m, 1H), 7.38 (d, J=8.29 Hz, 1H), 7.23 (s, 1H), 7.00 (dd,
J=8.40, 1.55 Hz, 1H), 5.98 (t, J=3.21 Hz, 1H), 4.70 (m, 1H),
4.24 (q, J=5.18 Hz, 1H), 4.17 (m, 1H), 3.10 (m, 0.4H), 2.80
(m, 3H), 2.71 (d, J=5.60 Hz, 2H), 2.43 (m, 2H), 2.23 (dd,
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J=11.71, 6.12 Hz, 1H), 2.19 (m, 3H), 2.12 (m, 4H), 1.99 (m,

1H), 1.85 (m, 4H), 1.48 (s, 3H), 1.48 (m, 1H).

Compound 34: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-y1)-5-((methyl((1s,3R)-3-(2-(5-(1-methylcy-
clobutyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)amino)methyl)tetrahydrofuran-3.4-diol

(@

The diastereomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to a white pow-
der (30 mg) "HNMR (400 MHz, MeOD) 8, ppm 8.28 (s, 1H),
8.19(s,J=4.15Hz, 1H), 4.69 (m, 1H), 4.23 (t, J=5.49 Hz, 1H),
4.17 (m, 1H), 3.07 (m, 1H), 2.81 (t, J=7.57 Hz, 2H), 2.68 (m,
2H), 2.42 (m, 2H), 2.17 (s, 3H), 2.09 (m, 6H), 1.97 (m, 2H),

1.84 (m, 3H), 1.47 (s, 3H).

35: (1R,2S,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]
pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)
amino)methyl)cyclopentane-1,2-diol

The diastercoisomers were separated by SFC The follow-

ing SFC separation (120 mg).

Preparative Method: IC (2x15 cm), 35% isopropanol
(0.2% DEA))/CO,, 100 bar, 60 mL/min, 220 nm., inj vol.:
0.75 mL, 4 mg/mI methanol. Peak 2: 6.24 minutes. 'H NMR
(400 MHz, d,-MeOH) 9, 8.078 (s, 1H), 7.501 (s, 1H), 7.422-
7.401 (m, 1H), 7.310-7.285 (m, 1H), 7.228-7.219 (m, 1H),
6.618-6.609 (m, 1H), 4.355-4.320 (m, 1H), 3.053-2.977 (m,

N
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1H), 2.874-2.836 (m, 2H), 2.535-2.268 (m, 4H), 2.177-2.003
(m, 8H), 1.909-1.869 (m, 2H), 1.677-1.595 (m, 1H), 1.381 (s,
9H).

Compound 36: (1R,28,3R,5R)-3-(4-amino-7H-pyr-

rolo[2,3-d]pyrimidin-7-y1)-5-((methyl((1r,3S)-3-(2-

(5-(1-methylcyclobutyl)-1H-benzo[ d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)cyclopentane-1,2-

diol
A0
HQ, Q.x“\)@
N
HOw |
N N
@)

N

NH,

The diastereoisomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to a white solid
(15 mg). '"H NMR (400 MHz, MeOD) 8, ppm 8.06 (s, 1H),
7.38 (d, J=8.09 Hz, 1H), 7.23 (br. s., 1H), 7.20 (d, J=3.32 Hz,
1H), 6.99 (m, 1H), 6.60 (d, J=3.52 Hz, 1H), 4.95 (m, 1H), 4.31
(t,J=6.74 Hz, 1H), 3.88 (m, 1H), 2.81 (m, 2H), 2.66 (m, 1H),
2.40 (m, 5H), 2.25 (m, 3H), 2.14 (br. s., 3H), 2.11 (m, 3H),
1.91 (m, 2H), 1.83 (m, 1H), 1.61 (m, 1H), 1.51 (m, 1H), 1.47
(s, 3H).

Compound 37: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((methyl((1r,3S)-3-(2-
(5-(trifluoromethoxy)-1H-benzo[ d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)cyclopentane-1,2-
diol

O Say

The diastercoisomers were separated by SFC. Lyophiliza-
tion gave the desired product as a colorless solid (0.060 g). 'H
NMR (400 MHz, d,-MeOH) 9,, 8.079 (s, 1H), 7.546-7.524
(m, 1H), 7.409 (s, 1H), 7.226-7.217 (m, 1H), 7.150-7.124 (m,
1H), 6.619-6.610 (m, 1H), 4.355-4.320 (m, 1H), 3.912-3.885
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(m, 1H), 2.881-2.845 (m, 2H), 2.727-2.674 (m, 1H), 2.538-
2.262 (m, 6H), 2.172 (s, 3H), 1.955-1.916 (m, 3H), 1.670-
1.492 (m, 3H).

Compound 38: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)
(ethyl)amino)methyl)cyclopentane-1,2-diol

NH,

The diastereosiomers were separated by SFC. After lyo-
philization the desired product was recovered as a colorless
solid (32 mg).

Preparative Method: Lux-3 (2x15 cm),30% ethanol (0.2%
DEA))/CO,, 100 bar, 65 ml/min, 220 nm., inj vol.: 0.4 mL,
6.2 mg/mL methanol. 'H NMR (400 MHz, d,-MeOH) d,,
8.082 (s, 1H), 7.493 (s, 1H), 7.415-7.393 (m, 1H), 7.295-
7.270 (m, 1H), 7.215-7.206 (m, 1H), 6.621-6.612 (m, 1H),
4.343-4.309 (m, 1H), 3.924-3.897 (m, 1H), 3.044-2.962 (m,
1H), 2.834-2.798 (m, 2H), 2.728-2.695 (m, 1H), 2.660-2.607
(m, 2H), 2.543-2.380 (m, 2H), 2.281-2.257 (m, 3H), 1.932-
1.906 (m, 3H), 1.660-1.523 (m, 3H), 1.368 (s, 9H), 1.050-
1.014 (t, J=7.2 Hz, 3H).

Compound 39: (1R,25,3R,5R)-3-(4-amino-7H-pyr-

rolo[2,3-d]pyrimidin-7-y1)-5-((methyl((1s,3R)-3-(2-

(5-(1-methylcyclobutyl)-1H-benzo[ d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)cyclopentane-1,2-

diol
A0
.
HOm |
N
@@
NH,

The diastereoisomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to a white pow-
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der (19 mg). 'H NMR (400 MHz, MeOD) d,, ppm 8 06 (s,
1H), 7.39 (d. J=8.50 Hz, 1H), 7.21 (m, 2H), 6.99 (dd, J=8.29,
1.45Hz, 1H), 6.59 (d,J=3.52 Hz, 1H), 4.94 (m, 1H), 4.32 (dd,
J=7.77, 591 Hz, 1H), 3.89 (m, 1H), 3.00 (m, 1H), 2.83 (t,
J=7.57 Hz, 2H), 2.49 (m, 1H), 2.38 (m, 4H), 2.23 (m, 1H),
2.16 (s. 3H), 2.11 (m, 5H), 2 01 (m, 2H), 1.84 (m. 3H), 1.61
(m, 1H), 1.46 (s, 3H).

Compound 40: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclopropylmethyl)amino)methyl)cyclopentane-1,2-
diol

NH,

The diastereoisomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to yield a white
powder (45 mg). 'HNMR (400 MHz, MeOD) 8, ppm 8.06 (s,
1H), 7.48 (br. s., 1H), 7.39 (d, J=8.29 Hz, 1H), 7.27 (m, 1H),
7.20 (d, J=3.73 Hz, 1H), 6.60 (d, I=3.52 Hz, 1H), 4.32 (dd,
J=7.36, 6.12 Hz, 1H), 3.90 (m, 1H), 3.06 (m, 1H), 2.81 (t,
J=6.84 Hz, 2H), 2.74 (m, 1H), 2.55 (dd, J=12.75, 7.77 Hz,
1H),2.41 (m, 1H), 2.37 (d,J=6.84 Hz, 2H), 2.29 (m, 3H), 1.91
(m, 3H), 1.60 (m, 1H), 1.50 (m, 2H), 1.36 (s, 9H), 0.87 (m,
1H), 0.48 (d, J=8.09 Hz, 2H), 0.10 (m, 2H).

Compound 41: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(isopropyl)amino)methyl)cyclopentane-1,2-diol

The diastereoisomers were separated by SFC followed by
lyophilization from H,O0/MeOH/CH,CN to yield a white
powder (100 mg). 'H NMR (400 MHz, MeOD) 8, ppm 8.06
(s, 1H), 7.48 (br. s., 1H), 7.39 (m, 1H), 7.27 (m, 1H), 7.20 (d,
J=3.52Hz, 1H), 6.60 (m, 1H), 4.32 (t, J=6.43 Hz, 1H), 3.93 1,
J=5.29 Hz, 1H), 3.54 (m, 0.2H), 3.11 (t,J=9.33 Hz, 1H), 3.02
(m, 1H), 2.82 (m, 2H), 2.66 (dd, J=13.68, 8.09 Hz, 1H), 2.46
(m, 1H), 2.36 (m, 1H), 2.23 (m, 3H), 2.05 (m, 1H), 1.91 (m,
3H), 1.59 (m, 3H), 1.36 (s, 9H), 1.02 (m, 6H).
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Compound 42: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclobutylmethyl)amino)methyl)cyclopentane-1,2-
diol

Step 1: ethyl 3-((18,3r)-3-((cyclobutylmethyl)(((3aR,
4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl )amino)-7H-
pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahy-
dro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)
amino)cyclobutyl)propanoate

HN
)Ok?
N

~ o

Ol

The amine ethyl 3-[3-({[(3aR,4R,6R,6aS)-6-{4-[(2,4-
dimethoxybenzyl)amino]-7H-pyrrolo[2,3-d|pyrimidin-7-
yl1}-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-
4-yllmethyl}amino)cyclobutyl]propancate (1.8 g, 3.0 mmol)
was taken up in methanol (20 ml, 600 mmol) and sodium
cyanoborohydride (0.37 g, 5.9 mmol) was added. The pH was
adjusted to ca. 6 using a 10% solution of AcOH in methanol,
then cyclobutanecarboxaldehyde (0.32 g, 3.8 mmol) was
added in one portion. The reaction was allowed to proceed for
5 hours at which time HPLC indicated the reaction had

D/\N

J

40

45

O\\‘:
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stalled. Another 1.3 equivalents of cyclobutanecarboxalde-
hyde was added and the reaction continued overnight.
NaHCO; (saturated) was added to the reaction mixture which
was then extracted 3 times with DCM. The combined organ-
ics were dried with MgSO, and concentrated to a yellow
resin. Cis and trans isomers were separable on silica. Purifi-
cation by FC (DCM/7N NH; in MeOH 96:4) yielded 2 sepa-
rate batches of product, each enriched in one respective iso-
mer to about 90%. Top isomer: 0.38 g (11:1 mixture, cis)
Bottom isomer: 0.31 g (6:1 mixture, trans). MS (ESI*) for

NaCNBH;
AcOH/MeOH

NH

C3sHuo NSO mv/z 676.7 [M+H]*; HPLC purity >69% (ret.
time, 3.791).

Step 2: N-(2-amino-5-(tert-butyl)phenyl)-3-((1S,3r)-
3-((cyclobutylmethyl)(((3aR,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[ d]
[1,3]dioxol-4-yl)methyl)amino)cyclobutyl)
propanamide

o
o
i LioH
= THF/McOH
N ii.
= NH NH
2
N
\/ N
NI,
HATU,

iPr, EtN, DMF
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-continued

=z

NH,

Top Isomer (cis): Lithium hydroxide monohydrate (0.236
g, 5.62 mmol) was added to a solution of ethyl 3-((1S,3r)-3-
((cyclobutylmethyl)(((3aR,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)amino)cyclobutyl)propanoate (6 mL, 70 mmol)
and methanol (1.5 mL, 37 mmol). The reaction was stirred
overnight at room temperature and by the next morning the
starting material was consumed and had been transformed
into the acid. The reaction was acidified with 1N HCI to
pH=6. The volatiles were removed in vacuo and the remain-
ing water was removed by azeotropic distillation with ethanol
followed by 72 hours on the lyophilizer. The resulting off
white solid was used without further purification. Retention
time: 3.330 minutes MS (ESI*) for C;,H,oNsO4 m/z 648.4
[M+H]*; MS (ESIN) for C;,H,oN.O4 m/z 646.4 [M-H];
HPLC purity >97% (ret. time, 3.329).

N,N,N'N'-Tetramethyl-O-(7-azabenzotriazol-1-yl)uro-
nium hexafluorophosphate (0.334 g, 0.880 mmol) was added
to a solution of 3-{cis-3-[(cyclobutylmethyl){[(3aR,4R 6R,
6aS)-6-{4-[(2,4-dimethoxybenzyl)amino]-7H-pyrrolo[2,3-
dJpyrimidin-7-y1}-2,2-dimethyltetrahydro-3aH-cyclopenta
[d][1,3]dioxol-4-yl]methyl}amino]cyclobutyl }propanoic
acid (0.38 g, 0.59 mmol) and N,N-diisopropylethylamine
(0.337 mL,, 1.94 mmol) and 4-tert-butylbenzene-1,2-diamine
(0.116 g, 0.704 mmol) in N,N-dimethylformamide (3.63 mL,
46.9 mmol). The reaction was stirred overnight at room tem-
perature and by the next morning the starting material was
consumed. The reaction was partially concentrated to ca. 2
mLs and then NaHCO; (saturated) was added. The mixture
was extracted with EtOAc 3 times and the combined organics
were dried with MgSO, and concentrated. The resulting resi-
due was purified by FC (DCM/7N NH; in MeOH 95:5) to
yield N-(2-amino-5-(tert-butyl)phenyl)-3-((1S,3r)-3-((cy-
clobutylmethyl)(((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y])methyl)
amino)cyclobutyl)propanamide (0.30 g; 64%) as a purple-
brown amorphous solid. HPLC purity >19% (ret. time, 3.574
min.)

Step 3: 7-((3aS,4R,6R,6aR)-6-((((1r,38)-3-(2-(5-
(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)(cyclobutylmethyl)amino)methyl)-2,2-dim-
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O

NH

ethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y1)-
N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]|pyrimi-
din-4-amine

d
/
0
NH
¢
E(\N \N AcOH
: Y N cOH,
5 3 ~ 65°C.
. T
N
H
NH, O/
/
o
oy <
/\E><N
$Y = NH
YR
N %/ NN
H

A solution of N-(2-amino-4-tert-butylphenyl)-3-{cis-3-
[(cyclobutylmethy){[(3 aR,4R,6R,6a8)-6-{4-[(2,4-
dimethoxybenzyl)amino]-7H-pyrrolo[2,3-d|pyrimidin-7-
yl1}-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-
4-yllmethyl}amino]cyclobutyl}propanamide (0.3 g, 0.4
mmol) in acetic acid (1.0 mL, 20 mmol) was stirred overnight
at 65° C. and by next morning the starting material was
consumed. The volatiles were removed in vacuo and the
resulting residue purified by FC (DCM/7N NH; in MeOH
93:7)toyield 7-((3 aS,4R,6R,6aR)-6-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo|d]|imidazol-2-yl)ethyl)cyclobutyl)(cy-
clobutylmethyl)amino)methyl)-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-amine as a
off white solid. MS (ESI*) for C,,H4,N,O, m/z 777.7
[M+H]*; HPLC purity >64% (ret. time, 3.690 min.).
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Step 4: (1R,2S,3R,5R)-3-(4-amino-7H-pyrrolo[2,3- Compound 43: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
d]pyrimidin-7-y1)-5-((((11,35)-3-(2-(5-(tert-butyl)- rolo[2.3-d]pyrimidin-7-yl)-5-(((3-(2-(5-(tert-butyl)-

1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl) o
(cyclobutylmethyl)amino)methyl)cyclopentane-1,2- 1H-benzo[d]imidazol-2-ylethyl)cyclobutyl)(cy-
diol clobutyl)amino)methyl)cyclopentane-1,2-diol

o

D/\ N i TFA

N = 00

i BySiH
s =\, NH
N o) H )
) N

AP SR

Trifluoroacetic acid (5§ mL, 60 mmol) was added to a mix- 30
ture of water (0.5 mL, 20 mmol) and 7-((3aS,4R,6R,6aR)-6-

((((1,38)-3-(2-(5-(tert-butyl)-1H-benzo[d]imidazol-2-y1) N
ethyl)cyclobutyl)(cyclobutylmethyl)amino)methyl)-2,2- HO ~y
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxo0l-4-y1)-N- » %
(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4- HOm- ¥

amine (0.2 g, 0.2 mmol) at room temperature. The reaction <>

was allowed to proceed overnight at which time the bright ( N\ N
pink suspension was quenched with triethylsilane (0.082 mL., N

0.52 mmol). The volatiles were removed in vacuo and the -
resulting residue was taken up in methanol (15 mls). 500 mgs

of K,CO, and 8 drops H,O were added and the reaction was 45 ethyl 3-(3-(cyclobutyl(((3aR,4R,6R,6aS)-6-(4-((2,4-

stirred at room temperature for 1 hour. The mixture was djmethoxyben;yl)amino)-7H-pyr rolo[2,3-d]pyrimi-

. din-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[ d]
filtered and the filter cake washed with 10 mLs methanol. The [1,3]dioxol-4-yl)methyl)amino)cyclobutyl)
filtrate was concentrated and the resulting residue was puri- propanoate PN

(6]
fied by FC (DCM/7N NH, in MeOH 90:10) to yield (1R.2S, *°
3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d|pyrimidin-7-y1)-5- %/O/,
((((1,38)-3-(2-(5-(tert-butyl)-1H-benzo[d]imidazol-2-y1) O, N
ethyl)cyclobutyl)(cyclobutylmethyl)amino)methyl) 5
cyclopentane-1,2-diol (0.037 g; 20%) as a colorless solid. MS /N N
(EST) for C,,H,,N.O, m/z 586.3 [M+H]*; HPLC purity ( | )
N

>89% (ret. time, 2.970 min.) "H NMR (400 MHz, d ,-MeOH) X
d,,8.083 (s, 1H), 7.498 (s, 1H), 7.417-7.396 (m, 1H), 7.302- 60 NH

7.277 (m, 1H), 7.206-7.197 (m, 1H), 6.621-6.612 (m, 1H),
4.347-4314 (m, 1H), 3.912-3.885 (m, 1H), 2.973-2.922 (m,
1H), 2.836-2.800 (m, 2H), 2.662-2.366 (m, 6H), 2.282-2.241
(m, 3H), 2.061-2.034 (m, 2H), 1.912-1.494 (m, 10H), 1.374 *

(s, 9H).

MeO

OMe
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Ethyl 3-(3-((((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxyben-
zyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-y1)-2,2-dimeth-
yltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-yl)methyl)
amino)cyclobutyl)propanoate (0.84 g, 1.4 mmol) was taken
up in methanol (10 ml) and Sodium cyanoborohydride (0.087
g, 1.4 mmol) was added. The pH was adjusted to ca. 6 using
a 10% solution of AcOH in MeOH, then Cyclobutanone (0.15
ml, 2.1 mmol) added in one portion. The reaction was stirred
at RT for 3 days. NaHCO; (sat’d) added to the reaction mix-
ture which was then extracted (3x) with DCM. The combined
organics were dried with MgSO,, filtered and concentrated.
The material was used without further purification.

3-(3-(cyclobutyl(((3aR,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d]
[1,3]dioxo0l-4-yl)methyl)amino)cyclobutyl)propanoic
acid

OH

Ou,
o C
vy
NH

MeO.
OMe

MeO.

OMe
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Lithium hydroxide monohydrate (0.58 g, 14 mmol) added
to a solution of ethyl 3-(3-(cyclobutyl(((3aR,4R,6R,6aS)-6-
(4-((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyri-
midin-7-yl1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]
dioxol-4-yl)methyl)amino)cyclobutyl)propanoate (0.91 g,
1.4 mmol) in Tetrahydrofuran (12 ml, 150 mmol) and Metha-
nol (3 ml, 60 mmol). The reaction mixture was stirred over-
night at RT, upon which it was acidified with 1 N HCl to
pH=6. The volatiles were removed in vacuo and the remain-
ing water removed by azeotropic distillation with ethanol
followed by 18 hours on lyophilizer. The resulting off white
solid was used without further purification.

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-(cyclobutyl
(((3aR,4R,6R,6aS8)-6-(4-((2,4-dimethoxybenzyl)
amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyl tetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)
methyl)amino)cyclobutyl)propanamide

N
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N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro-
nium Hexafluorophosphate (0.783 g, 2.06 mmol) was added
to a solution of 3-(3-(cyclobutyl(((3aR,4R,6R,6a8)-6-(4-((2,
4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)amino)cyclobutyl)propanoic acid (0.87 g, 1.4
mmol) and N,N-Diisopropylethylamine (0.789 ml, 4.53
mmol) and [8)4-tert-butylbenzene-1,2-diamine (0.270 g,
1.65 mmol) in N,N-Dimethylformamide (8.50 ml) The reac-
tion was stirred overnight at RT, upon which the mixture was
partially concentrated to ca. 2 mls and then NaHCO; (satu-
rated) was added. The mixture was extracted with EtOAc (3x)
and the combined organics were dried with MgSO,,, filtered
and concentrated. The residue was purified by flash chroma-
tography (DCM/7NNH; in MeOH 95:5) to give the desired
compound (0.76 g) as a solid. 7-((3aS,4R,6R,6aR)-6-(((3-(2-
(5-(tert-butyl)-1H-benzo[ d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclobutyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-cy-
clopenta[d][1,3]diox0l-4-y1)-N-(2,4-dimethoxybenzyl)-7H-
pyrrolo[2,3-d|pyrimidin-4-amine

MeO

OMe

A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-(3-(cy-
clobutyl(43aR,4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)
amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)amino)
cyclobutyl)propanamide (0.76 g, 0.97 mmol) in Acetic acid
(2 ml) was stirred overnight at 60° C. The volatiles were
removed in vacuo and the remaining residue purified directly
by flash chromatography (DCM/7N NH, in MeOH 91:9) to

give the desired compound (0.61 g) as a foam.
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(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-(((3-(2-(5-(tert-butyl)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)(cyclobutyl)amino)
methyl)cyclopentane-1,2-diol

HN
Sy
W T
N
HOm-
N < >
AN
Naw /
NH,

Trifluoroacetic Acid (10 ml, 200 mmol) added to a mixture
of Water (1 ml, 80 mmol) and 7-((3aS,4R,6R,6aR)-6-(((3-(2-
(5-(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclobutyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-cy-
clopenta[d][1,3]dioxo0l-4-y1)-N-(2,4-dimethoxybenzyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine (0.61 g, 0.80 mmol) at RT.

The reaction was stirred o/n at RT and was quenched by the
addition of Triethylsilane (0.26 ml, 1.6 mmol). The volatiles
were removed in vacuo and resulting and the residue was
taken up in MeOH (15 mls),500 mg K,CO; and 8 drops of
water were added and the reaction was stirred at RT for 1 hour.
The mixture was filtered and the filter cake was washed with
MeOH (10 ml). The filtrate was concentrated and the result-
ing residue purified by flash chromatogrpahy (DCM/7N NH,
in MeOH 90:10) to give the desired product (0.13 g) as a
colorless foam. MS (ESI*) for C;;H,sN,O, m/z 572.2
[M+H]*; MS (ESI) for C;;H,sN,O, m/z 570.2 [M-H];
HPLC purity >90% (ret. time, 2.850 min.) 'H NMR (400
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MHz, d,-MeOH) §,,8.083 (s, 1H), 7.492 (s, 1H), 7.412-7.392
(m, 1H), 7.309-7.286 (m, 1H), 7.220-7.205 (m, 1H), 6.620-
6.610 (d, J=4.0 Hz, 1H), 4.321-4.283 (m, 1H), 3.888-3.848
(m, 1H), 3.505-3.417 (m, 0.5H (methine of trans isomer)),
3.231-3.147 (m, 0.5H) (methine of cis isomer)), 3.051-2.953
(m, 1H), 2.871-2.732 (m, 3H), 2.583-2.501 (m, 1H), 2.441-
2.368 (m, 1H), 2.244-2.205 (m, 3H), 2.170-1.833 (m, 9H),
1.695-1.560 (m, 4H), 1.384 (s, 9H).

Compound 44: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-(((3-(2-(5-(tert-butyl)-
1H-benzo|[d]imidazol-2-yl)ethyl)cyclobutyl)(cyclo-
propylmethyl)amino)methyl)cyclopentane-1,2-diol

ethyl 3-(3-((cyclopropylmethyl)(((3aR,4R,6R,6aS)-6-((4-
((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-yl)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]di-
oxol-4-yl)methyl)amino)cyclobutyl)propanoate

MeO

The amine ethyl 3-(3-((((3aR,4R,6R,6aS)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
(090 g, 15
mmol) was taken up in Methanol (10 mL) and Sodium
cyanoborohydride (0.093 g, 1.5 mmol) was added. The pH
was adjusted to ca. 6 using a 10% solution of AcOH in MeOH.
The reaction was stirred o/n at RT. NaHCO; (sat’d) was added
to rxn mixture which was then extracted (3x) with DCM. The
combined organics were dried with MgSQ.,, filtered and con-

4-yDmethyl)amino)cyclobutyl)propanoate

centrated. The material was used without further purification.
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3-(3-((cyclopropylmethyl)(((3 aR,4R,6R,6aS)-6-(4-
((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]
pyrimidin-7-yl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y])methyl)amino)cyclobutyl)
propanoic acid

Q,
O, N/W
N.
an
NH
O OH
MeO
OMe

Lithium hydroxide, monohydrate (0.62 g, 15 mmol) added
to a solution of ethyl 3-(3-((cyclopropylmethyl)(((3aR,4R,
6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,
3-d]|pyrimidin-7-y1)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y])methyl)amino)cyclobutyl)
propanoate (0.98 g, 1.5 mmol) in Tetrahydrofuran (13 ml) and
Methanol (3 ml). The reaction was stirred for 24 hours at RT,
acidified with 1 N HCI to pH=6. The volatiles removed in
vacuo and remaining water removed by azeotropic distilla-
tion with ethanol followed by 18 hours on lyophilizer. The
resulting off white solid was used without further purifica-
tion.

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((cyclopropy-
Imethy)(((3 aR,4R,6R,6aS5)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo| 2,3-d]pyrimidin-7-y1)-2,
2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-
4-yDmethyl)amino)cyclobutyl)propanamide
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N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro-
nium Hexafluorophosphate (0.846 g, 2.22 mmol) added to a
solution of 3-(3-((cyclopropylmethyl)(((3aR,4R,6R,6aS)-6-
(4-((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyri-
midin-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]
dioxol-4-yl)methyl)amino)cyclobutyl)propanoic acid (0.94
g, 1.5 mmol) and N,N-Diisopropylethylamine (0.852 mlL,
4.89 mmol) and [8]4-tert-butylbenzene-1,2-diamine (0.292
g, 1.78 mmol) in N,N-Dimethylformamide (9.19 mL, 119
mmol). The reaction was stirred overnight at RT, partially
concentrated to ca. 2 mls and NaHCO, (saturated) was added.
The mixture extracted with EtOAc (3x) and the combined
organics were dried with MgSO,, filtered and concentrated.
The residue was purified by flash chromatography (DCM/7N
NH; in MeOH 95:5) to give the desired compound (0.92 g) as
a solid.

7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(cyclopropy-
Imethyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]dioxo0l-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine

a
PV,
NH

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((cyclopropylm-
ethyl)(((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)
amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)amino)
cyclobutyl)propanamide (1.1 g, 1.4 mmol) in Acetic acid (5
ml) was heated at 60° C. overnight. The solution was concen-
trated and purified by flash chromatography (DCM/7N NH,
ion MeOH 93:7) to yield the desired compound (0.57 g) as a
colorless foam.

w
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(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-(((3-(2-(5-(tert-butyl)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)(cyclopropylmethyl)
amino)methyl)cyclopentane-1,2-diol

HO,
/ N
HOmu:
a
PV,
NH,
N/ NH

Trifluoroacetic Acid (10 mL.) added to a mixture of Water
(1 mL) and 7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-
1H-benzo|[d]imidazol-2-yl)ethyl)cyclobutyl)(cyclopropylm-
ethyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y])-N-(2,4-dimethoxybenzyl)-7H-
pyrrolo[2,3-d|pyrimidin-4-amine (0.52 g, 0.68 mmol) at RT.
The reaction was stirred overnight at RT and Triethylsilane
(0.22 mL, 1.4 mmol) was added. The volatiles were removed
in vacuo and resulting residue was taken up in MeOH (15
mls), 500 mgs of K,CO; and 8 drops H,O were added and the
reaction stirred at RT for 1 hour. The mixture was filtered and
the filter cake washed with 10 ml MeOH. The filtrate was
concentrated and the resulting residue purified by flash chro-
matography (DCM I 7N NH; in MeOH 90:10) to give the
desired product (0.196 g) as an off white foam. MS (EST") for
C;33H4sN,0, m/z 572.6 [M+H]*; MS (ESI7) for C53H,5N,0,
m/z 570.3 [M-H]"; HPLC purity >90% (ret. time, 2.850
min.) 'HNMR (400 MHz, d,-MeOH) §,,7.944 (s, 1H), 7.361
(s, 1H), 7.280-7.259 (m, 1H), 7.172-7.150 (m, 1H), 7.092-
7.078 (m, 1H), 6.484-6.475 (d, J=3.6 Hz, 1H), 4.222-4.185
(m, 1H), 3.815-3.779 (m, 1H), 3.329 (m, 0.5H (methine of
trans isomer)), 2.961 (m, 0.5H (methine of cis isomer), 2.745-
2.627 (m, 3H), 2.503-2.450 (m, 1H), 2.301-2.187 (m, 5H),
2.036-1.890 (m, 2H), 1.793-1.776 (m, 3H), 1.529-1.385 (m,
2H), 1.246 (s, 9H), 0.808-0.739 (m, 1H), 0.394-0.362 (m,
2H), 0.012-0.013 (m, 2H). Retention time: 2.850 minutes.
HPLC Conditions: Agilent Zorbax Exlipse XDB-C18 col-
umn, 4.6x50 mm (1.8 um packing), Solvent A—Water (0.1%
TFA), Solvent B—Acetonitrile (0.07% TFA) 6 min gradient
from 5 to 95% B; 1 min hold; then recycle.

Compound 45: ethyl 3-(3-((((32R,4R,6R,6aS)-6-(4-
((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]
pyrimidin-7-yl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y)methyl)(isobutyl )Jamino)
cyclobutyl)propanoate

The amine ethyl 3-(3-((((32R,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
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4-yDmethyl)amino)cyclobutyl)propanoate (1.7 g, 2.8 mmol)
was taken up in Methanol (20 ml) and Sodium cyanoborohy-
dride (0.35 g, 5.6 mmol) was added. The pH was adjusted to
ca. 6 using a 10% solution of AcOH in MeOH, then isobu-
tyraldehyde (0.33 ml, 3.6 mmol) added in one portion. The
reaction stirred at RT for 3 hours. Another 1.3 eq. of isobu-
tyraldehyde was added and stirring was continued overnight.
NaHCO; (sat’d) was added to reaction mixture which was
then extracted (3x) with DCM. The combined organics was
dried with MgSO, and concentrated. The residue was purified
by flash chromatography (DCM/7N NH, in MeOH 97:3) to
give the desired compound (1.75 g) as a colorless foam.

3-(3-((((3aR,4R,6R,6a8)-6-(4-((2,4-dimethoxyben-
zyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-yl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
yDmethyl)(isobutyl )Jamino)cyclobutyl)propanoic

acid
Q,
. N /\(
N
a
Naw /
NH
(@) OH
MeO.
OMe

Lithium hydroxide, monohydrate (1.11 g, 26.4 mmol) was
added to a solution ethyl 3-(3-((((3aR,4R,6R,6aS)-6-(4-((2,
4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(isobutyl)amino)cyclobutyl)propanoate (1.75 g,
2.64 mmol) in Tetrahydrofuran (13 ml, 160 mmol) and
Methanol (3 ml, 70 mmol). The reaction was stirred for 24
hours at RT, acidified with 1 N HCI to pH=6, the volatiles
removed in vacuo and remaining water removed by azeotro-
pic distillation with ethanol followed by 18 hours on lyo-
philizer. The resulting off white solid was used without fur-
ther purification.
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N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((((3 aR,4R,
6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-
pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahy-
dro-3aH-cyclopenta[d][1,3]dioxol-4-y])methyl)
(isobutyl)amino)cyclobutyl)propanamide

N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro-
nium Hexafluorophosphate (1.52 g, 4.01 mmol) added to a
solution of 3-(3-((((3aR,4R,6R,6a8)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y])methyl)
(isobutyl)amino)cyclobutyl)propanoic acid (1.7 g, 2.7 mmol)
and N,N-Diisopropylethylamine (1.54 ml, 8.82 mmol) and
4-tert-butylbenzene-1,2-diamine (0.527 g, 3.21 mmol) in
N,N-Dimethylformamide (16.6 ml). The reaction was stirred
overnight at RT, partially concentrated to ca. 2 mls and then
NaHCO; (saturated) added. Them mixture was extracted with
EtOAc 3x and the combined organics were dried with MgSO,,
filtered, concentrated and purified by flash chromatography
(DCM/7N NH; in MeOH 95:5) to yield the desired amide
(1.71 g) as a solid.

7-((3aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(isobutyl)
amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-
7H-pyrrolo| 2,3-d]pyrimidin-4-amine
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A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-(3-
((((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-
7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)(isobutyl)
amino)cyclobutyl)propanamide (1.71 g, 2.19 mmol) in
Acetic acid (6 ml) was stirred overnight at 60° C., the volatiles

were removed in vacuo and the remaining residue was puri-
fied by flash chromatography (SiO,, DCM I 7N NH; in

MeOH 94:6) to yield the desired compound (0.9 g) as a foam. .

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-(((3-(2-(5-(tert-butyl)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)(isobutyl)amino)me-
thyl)cyclopentane-1,2-diol

1
/ N
HOmu
N
o
NH,
N/ NH

Trifluoroacetic Acid (20 ml, 300 mmol) added to a mixture
of Water (2 ml, 100 mmol) and 7-((3aS,4R,6R,6aR)-6-(((3-
(2-(5-(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)(isobutyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]diox0l-4-y1)-N-(2,4-dimethoxybenzyl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine (0.9 g, 1 mmol) at RT.
The reaction was stirred overnight and Triethylsilane (0.38
ml, 2.4 mmol) was added. The volatiles were removed in
vacuo and resulting residue was taken up in MeOH (15 ml),
500 mgs of K,CO; and 8 drops H,O were added and reaction
stirred at RT for 1 hour. The mixture was filtered and filter
cake washed with 10 ml MeOH. The filtrate was concentrated
and the resulting residue purified by flash chromatography
(DCM/7N NH; in MeOH 90:10) to yield the desired product
(0.274 ¢) as an off white foam. MS (EST") for C;;H,,N-O,
m/z 574.6 [M+H]*; MS (EST) for C;;H,sN,O, m/z 572.4
[M-H]~; HPLC purity >86% (ret. time, 2.918 min.) "H NMR
(400 MHz, d,-MeOH) §,,8.078 (s, 1H), 7.497 (s, 1H), 7.416-
7.396 (m, 1H), 7.305-7.284 (m, 1H), 7.216-7.200 (m, 1H),
6.621-6.612 (d, J=3.6 Hz, 1H), 4.368-4.334 (m, 1H), 3.930-
3.894 (m, 1H), 2.934-2.918 (m, 1H), 2.866-2.797 (m, 2H),
2.652-2.583 (m, 1H), 2.444-2.361 (m, 2H), 2.287-2.199 (m,
2H), 2.166-2.119 (m, 3.5H (contains methine of trans iso-
mer)), 2.048-2.012 (m, 1H), 1.921-1.748 (m, 3.5H (contains
methine of cis isomer)), 1.622-1.494 (m, 2H), 1.380 (s, 9H),
1.269-1.252 (m, 1H), 0.932-0.879 (m, 6H).
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Compound 46: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclobutyl)amino)methyl)cyclopentane-1,2-diol

The diastereoisomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to yield a white

o powder (23.7 mg). 'H NMR (400 MHZ, MeOD) 8, ppm 8.06

(s, 1H), 7.48 (br. 5., 1H), 7.39 (d. J=8.71 Hz, 1H), 7.28 (dd,
J=8.60, 1.76 Hz, 1H), 7.19 (d, ]=3.52 Hz, 1H), 6.60 (d. J=3.52
Hz, 1H), 4.84 (m, 1H), 4.28 (dd, J=7.26, 6.22 Hz, 1H), 3.84 (¢,
J=5.70 Hz, 1H), 3.16 (m, 1H), 2.99 (m, 1H), 2.80 (1, J=7.15
Hz, 2H), 2.73 (dd, J=13.68, 6.22 Hz, 1H), 2.49 (dd, J=13.68,
7.67 Hz, 1H), 2.38 (m, 1H), 2.22 (m, 3H), 2.00 (m, 4H), 1.91
(m, 3H), 1.60 (m, 5H), 1.36 (s, 9H).

Compound 47: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-
bromo-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)cyclopentane-1,2-diol

Diastereoisomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to yield a white
powder (21 mg). '"H NMR (400 MHz, MeOD) 3, ppm 8.06
(s. 1H), 7.63 (br.s., 1H), 7.39 (m, 1H), 7.30 (dd, J=8.50, 1.66
Hz, 1H), 7.20 (d. J=3.52 Hz, 1H), 6.60 (d, J=3.52 Hz, 1H),
432 (dd, I=7.67, 6.01 Hz, 1H). 3.88 (m, 1H), 2.82 (t,J=7.15
Hz, 2H), 2.71 (m, 1H), 2.52 (m, 1H), 2.41 (m, 2H), 2.25 (m,
2H), 2.18 (s, 3H), 2.03 (m, 1H), 1.92 (m, 3H), 1.62 (m, 1H),
1.51 (m, 2H).

Compound 48: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(isobutyl)amino)methyl)cyclopentane-1,2-diol

Diastereoisomers separated by SFC. After lyophilization
(78 mg) obtained of a colorless solid.

Compound 49: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(ethyl)amino)methyl)cyclopentane-1,2-diol

The diastereoisomers were separated by SFC.

Lux-3 (2x15 cm), 30% ethanol (0.2% DEA))/CO,, 100
bar, 65 ml/min, 220 nm. Inj vol.: 0.4 mL, 6.2 mg/ml. metha-
nol. "H NMR (400 MHz, d,-MeOH) 8, 8.081 (s, 1H), 7.499
(s, 1H), 7.416-7.395 (m, 1H), 7.308-7.282 (m, 1H), 7.226-
7.216 (m, 1H), 6.619-6.610 (m, 1H), 4.344-4.310 (m, 1H),
3.922-3.895 (m, 1H), 3.410-3.329 (m, 1H), 2.875-2.837 (m,
2H), 2.738-2.689 (m, 1H), 2.659-2.607 (m, 2H), 2.535-2.483
(m, 1H), 2.452-2.380 (m, 1H), 2.311-2.224 (m, 1H), 2.158-
2.121 (m, 3H), 2.061-2.030 (m, 2H), 1.913-1.863 (m, 2H),
1.674-1.590 (m, 1H), 1.381 (s, 9H), 1.056-1.020 (t, J=7.2 Hz,
3H).
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Compound 50: (1R,2S,3R,5R)-3-(6-amino-9H-pu-
rin-9-y1)-5-(((3-(2-(5-(tert-butyl)-1H-benzo[d]imida-
zol-2-yl)ethyl)cyclobutyl)(isopropyl)amino )methyl)
cyclopentane-1,2-diol

ethyl 3-(3-((((1R,2R,3S,4R)-4-(6-((2,4-dimethoxy-
benzyl)amino)-9H-purin-9-yl1)-2,3-dihydroxycyclo-
pentyl)methyl)(isopropyl)amino)cyclobutyl)pro-

panoate
OMe
MeO
EtO (6]
NH
3 N
Nkﬁ >
x
HO
- N
“ay
HO
The amine ethyl 3-(3-((((1R,2R,3S,4R)-4-(6-((2,4-

dimethoxybenzyl)amino)-9H-purin-9-y1)-2,3-dihydroxycy-
clopentyl)methyl)amino)cyclobutyl)propanoate (1.5 g, 2.5
mmol) was taken up in Acetonitrile (66 mL) and Isopropyl
iodide (2.5 mL, 25 mmol) and Triethylamine (5.2 mL, 37
mmol) were added. The reaction was heated to 80° C. for 12
hours. Another 15 eq. TEA and another 15 eq iPrl were added
and the reaction was continued for a further 8 hours. Another
15 equivalents each of iPrl and TEA were added and heating
was continued overnight. The reaction was concentrated and
saturated Na2CO3 (20 ml) and DCM (20 ml) were added. The
layers were separated and the aqueous layer was further
extracted 3 more times, the combined organics were dried and
purified by flash chromatography (SiO,, DCM/7N NH; in
MeOH 97:3).

The residue obtained was dissolved in 30 ml DCM and
washed with 20 ml saturated NaHCO; and 10 ms 1 N NaOH.
The aqueous was extracted with DCM 3 times, the combined
organics were dried over MgSO,, and solvent removed to
yield the desired product (1.3 g) as a foam/solid.
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(3-((((1R,2R,3S,4R)-4-(6-((2,4-dimethoxybenzyl)
amino)-9H-purin-9-y1)-2,3-dihydroxycyclopentyl)

methyl)(isopropyl)amino)cyclobutyl)propanoic acid

OMe
MeO
HO (0]
NH
N
N)I \>
N
HO
. N
"1,,//
HO

Lithium hydroxide, monohydrate (0.838 g, 20.0 mmol)
added to a solution of ethyl 3-(3 (3-((((1R,2R,3 S,4R)-4-(6-
((2,4-dimethoxybenzyl)amino)-9H-purin-9-yl1)-2,3-dihy-
droxycyclopentyl)methyl)(isopropyl)amino)cyclobutyl)pro-
panoic acid (1.3 g, 2.0 mmol) in Tetrahydrofuran (30 ml, 300
mmol) and Methanol (6.5 ml, 160 mmol). The reaction was
stirred overnight at RT, acidified with 1 N HCI to pH=6. The
volatiles were removed in vacuo and remaining water
removed by azeotropic distillation with ethanol followed by
lyophilization. The resulting solid was used without further
purification.

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((((1R,2R,3S,
4R)-4-(6-((2,4-dimethoxybenzyl)amino)-9H-purin-
9-y1)-2,3-dihydroxycyclopentyl)methyl)(isopropyl)

amino)cyclobutyl)propanamide

OMe
MeO H,N
HN (0]
NH
N
NZ | \>
N
HO

- N
"/,,/ /
HO
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N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro-
nium Hexafluorophosphate (1.19 g, 3.13 mmol) added to a
solution of 3-{3-[{[(3aR 4R,6R,6aS)-6-{6-[(2,4-dimethoxy-
benzyl)amino]-9H-purin-9-y1}-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][1,3]dioxol-4-yl|methyl}{isopropyl)
amino]cyclobutyl }propanoic acid (1.30 g, 2.09 mmol) and
N,N-Diisopropylethylamine (1.20 ml, 6.89 mmol) and 4-tert-
butylbenzene-1,2-diamine (0.411 g, 2.50 mmol) in N,N-
Dimethylformamide (12.9 ml). The reaction was stirred for 2
hours, NaHCO; (saturated) was added and the mixture
extracted with EtOAc (3x) and the combined organics was
dried over MgSO,, filtered and concentrated. The residue was
purified by flash chromatography (DCM—DCM/7N NH, in
MeOH 95:5) to yield the desired amide (1.4 g) as a solid.

9-((3 aS,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)
amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-
9H-purin-6-amine

OMe
MeO
E HN N
NH 7

NZ N\
KN | N,>

@)
fgj ."’I’I// N
@)

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((((1R,2R,3S,4R )-
4-(6-((2,4-dimethoxybenzyl)amino)-9H-purin-9-yl)-2,3-di-
hydroxycyclopentyl)methyl)(isopropyl)amino)cyclobutyl)
propanamide (1.4 g, 1.8 mmol) in Acetic acid (5 ml, 90 mmol)
stirred overnight at 60° C. The reaction was concentrated and
purified by flash chromatography (DCM—-DCM/7N NH; in
MeOH 94:6) to yield the desired compound (0.91 g) as a
foam.
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(1R,28,3R,5R)-3-(6-amino-9H-purin-9-y1)-5-(((3-(2-
(5-(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)(isopropyl)amino)methyl)cyclopentane-1,2-
diol

NH,
NZ N\
9

o

HO

N
Yy \(

Trifluoroacetic Acid (10 ml, 100 mmol) added to a mixture
of Water (1 ml, 60 mmol) and 9-((3aS,4R,6R,6aR)-6-(((3-(2-
(5-(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(isopropyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-cy-
clopenta[d][1,3]diox0l-4-y1)-N-(2,4-dimethoxybenzyl)-9H-
purin-6-amine (0.91 g, 1.2 mmol) at RT. The reaction was
stirred overnight at RT. The reaction was then heated to 35° C.
and triethylsilane (0.39 ml, 2.4 mmol) was added. The reac-
tion was stirred at 35° C. for a further 2 days. The volatiles
were removed in vacuo and resulting residue was taken up in
MeOH (15 mls). 500 mgs of K,CO, and 8 drops H,O were
added and reaction stirred at RT for 1 hour. The mixture was
filtered and filter cake washed with 10 mls MeOH. The filtrate
was concentrated and the resulting residue was purified by
flash chromatography (DCM/7N NH; in MeOH 90:10) to
yield the desired product (0.142 g) as a colorless solid after
several days of lyophilization.

HO

Compound 51: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclobutyl)amino)methyl)cyclopentane-1,2-diol

The diastereoisomers were separated by SFC (25 mg). 'H
NMR (400 MHz, MeOD) &, ppm 8.06 (s, 1H), 7.48 (br. s.,
1H), 7.38 (d, I=7.88 Hz, 1H), 7.27 (dd, J=8.60, 1.55 Hz, 1H),
7.19 (d, J=3.52 Hz, 1H), 6.60 (d, J=3.73 Hz, 1H), 4.85 (m,
1H), 4.29 (m, 1H),3.85 (t, J=5.60 Hz, 1H), 3.41 (m, 1H), 3.17
(m, 1H), 2.83 (t, J=7.36 Hz, 2H), 2.74 (dd, J=13.68, 6.63 Hz,
1H), 2.51 (dd, J=13.79,7.57 Hz, 1H), 2.38 (m, 1H), 2.18 (m,
3H), 2.09 (m, 1H), 2.02 (m, 5H), 1 83 (m, 2H), 1.60 (m, 3H),
1.36 (s, 9H).

Compound 52: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5,6-
dichloro-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)(methyl)amino)methyl)cyclopentane-1,2-diol

The diastereoisomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to yield a cream
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colored solid (64 mg). "H NMR (400 MHz, MeOD) 8, ppm
8.06 (s, 1H), 7.63 (s, 2H), 7.20 (d. J=3.52 Hz, 1H), 6.59 (d,
J=3.73 Hz, 1H), 4.32 (dd. J=7.88, 6.01 Hz. 1H), 3.88 (dd,
J=5.60, 4.77 Hz, 1H), 2.82 (t, J=7.26 Hz, 2H), 2.69 (m, 1H),
2.48 (m, 1H), 2.38 (m, 2H), 2.24 (m, 3H), 2.15 (s, 3H),1.91
(m, 3H), 1.61 (m, 1H), 1.50 (m, 2H).

Compound 53: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)
(isobutyl)amino)methyl)cyclopentane-1,2-diol

Diastereisomers separated by SFC. After lyophilization of
a colorless solid (85 mg) was recovered.

Compound 54: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclopropylmethyl)amino )methyl)cyclopentane-1,2-
diol

The diastereosiomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to yield a white
powder (53 mg). 'HNMR (400 MHz, MeOD) §,, ppm 8.06 (s,
1H), 7.48 (br. s., 1H), 7.39 (d, J=8.50 Hz, 1H), 7.28 (dd,
J=8.60, 1.76 Hz, 1H), 7.21 (d, J=3.52 Hz, 1H), 6.60 (d, J=3.52
Hz, 1H), 4.32 (dd, J=7.67, 5.80 Hz, 1H), 3.91 (m, 1H), 3.44
(m, 1H), 2.84 (t,J=7.57 Hz, 2H), 2.78 (dd, J=13.27, 7.05 Hz,
1H), 2.58 (dd, J=13.06, 7.67 Hz, 1H), 2.40 (m, 3H), 2.11 (t,
J=6.22 Hz, 3H), 2.02 (m, 2H). 1.87 (m, 2H), 1.62 (m, 1H),
1.37 (s, 9H), 0.87 (m, 1H), 0.49 (m, 2H), 0.12 (m, 2H).

Compound 55: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d|pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-
bromo-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)cyclopentane-1,2-diol

Diastereoisomers were separated SFC 'H NMR (400
MHZ, MeOD) 9, ppm 8.05 (s, 1H), 7.63 (s. 1H), 7.39 (m,
1H), 7.30 (dd, I=8.50, 1.66 Hz, 1H), 7.20 (d. J=3.52 Hz. 1H),
6.59 (d, J=3.73 Hz, 1H), 4.32 (dd, I=7.77, 5.91 Hz, 1H), 3.88
(dd, J=5.70, 4.66 Hz, 1H), 2.99 (m. 1H), 2.84 (t, J=7.57 Hz,
2H). 2.48 (m, 1H), 2.41 (dd, J=7.98, 4.87 Hz, 1H), 2.34 (m,
1H), 2.24 (m, 1H), 2.15 (s, 3H). 2.10 (m. 3H), 2.01 (m, 2H),
1.86 (t. J=8.19 Hz, 2H), 1.61 (m, 1H).

Compound 56: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((isopropyl(3-(2-(5-
(trifluoromethoxy)-1H-benzo[d]imidazol-2-yl)ethyl)
cyclobutyl)amino)methyl)cyclopentane-1,2-diol

N-(2-amino-4-(trifluoromethoxy )phenyl)-3-(3-((((3
aR,4R,6R ,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-
pyrrolo[2,3-d|pyrimidin-7-yl)-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]dioxol-4-yl)methyl)(isopropyl)amino)cy-
clobutyl)propanamide
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9, )\
Olu. N
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O NH
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NH,
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F

N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1-yl)uro-
nium Hexafluorophosphate (1.19 g, 3.14 mmol) added to a
solution of 3-(3-((((3aR,4R,6R,6a8)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y])methyl)
(isopropyl)amino)cyclobutyl)propanoic acid (1.3 g, 2.1
mmol) and N,N-Diisopropylethylamine (1.20 ml, 6.90
mmol) and 4-(trifluoromethoxy)benzene-1,2-diamine (0.482
g, 2.51 mmol) in N,N-Dimethylformamide (13.0 mL, 167
mmol). The reaction was stirred overnight at RT and was
partially concentrated to ca. 2 mls and then NaHCO; (satu-
rated) was added. The mixture was extracted with EtOAc (3x)
and the combined organics were dried with MgSO, filtered
and concentrated. The residue was purified by flash chro-
matogrpahy (DCM/7N NH; in MeOH 95:5) to the desired
amide (1.4 g) as a solid.

N-(2,4-dimethoxybenzyl)-7-((3 aS,4R,6R,6aR)-6-
((isopropyl(3-(2-(5-(trifluoromethoxy)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)amino)methyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-
y)-7H-pyrrolo[2,3-d|pyrimidin-4-amine

PN

N
o
PV,
NH
N/ NH
MeO.
F
F%O
OMe
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N-(2-amino-4-(trifluoromethoxy)phenyl)-3-(3-((((3aR,
4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-7H pyrrolo

[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y)methyl)(isopropyl)amino)
cyclobutyl)propanamide (1.4 g, 1.8 mmol) was heated in
AcOH at 60° C. overnight. The reaction mixture was concen-
trated in vacuo giving the crude product.

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-yl)-5-((isopropyl(3-(2-(5-(trifluo-
romethoxy)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)amino)methyl)cyclopentane-1,2-diol

NH

Trifluoroacetic Acid (10 mL, 100 mmol) added to a mix-
ture of Water (1 mL, 60 mmol) and N-(2,4-dimethoxyben-
zyl)-7-((3aS,4R,6R ,6aR)-6-((isopropyl(3-(2-(5-(trifluo-
romethoxy)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclopenta[ d]
[1,3]dioxol-4-y1)-7H-pyrrolo| 2,3-d]pyrimidin-4-amine
(0.91 g, 1.2 mmol) at RT. The reaction was stirred overnight
at RT then quenched by the addition of Triethylsilane (0.37
ml, 2.3 mmol). The volatiles were removed in vacuo and
resulting residue was taken up in MeOH (15 mls). 500 mgs of
K,CO; and 8 drops H,O were added and reaction stirred at RT
for 1 hour. Mixture was filtered and filter cake washed with 10
mls MeOH. The filtrate was concentrated and the resulting
residue purified by flash chromatography (DCM/7N NH, in
MeOH 90:10) to yield the desired product (0.232 g) as an off
white foam. MS (ESI*) for C,;H;,F;N,O; nyz 588.2
[M+H]*; MS (ESI") for C,oH;,F3N,0; m/z 586.2 [M-H];
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HPLC purity >90% (ret. time, 2.570 min.) 'H NMR (400
MHz, d,-MeOH) §,,8.082 & 8.079 (s, 1H, overlapping peaks
due to cis and trans isomers), 7.554-7.524 (m, 1H), 7.414 (s,
1H), 7.225-7.209 (m, 1H), 7.155-7.127 (m, 1H), 6.618-6.609
(m, 1H), 4.363-4.323 (m, 1H), 3.976-3.932 (m, 1H), 3.606-
3.524 (m, 0.5H (methine from trans isomer)), 3.156-3.110
(m, 0.5H (methine from cis isomer), 3.089-3.006 (m, 1H),
2.731-2.679 (m, 1H), 2.544-2.360 (m, 2H), 2.256-2.239 (m,
3H), 2.093-2.061 (m, 2H), 1.987-1.861 (m, 3H), 1.648-1.568
(m, 2H), 1.072-1.006 (m, 6H).

Compound 57: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((methyl((1s,3R)-3-(2-
(5-(trifluoromethoxy)-1H-benzo[ d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)cyclopentane-1,2-
diol

The diastereoisomers were separated by SFC. The material
was lyophilized to give a solid (78 mg). "H NMR (400 MHz,
d,-MeOH) 9, 8.076 (s, 1H), 7.548-7.527 (m, 1H), 7.414 (s,
1H), 7.227-7.218 (m, 1H), 7.148-7.123 (m, 1H), 6.616-6.607
(m, 1H), 4.361-4.327 (m, 1H), 3.926-3.899 (m, 1H), 3.037-
3.000 (m, 1H), 2.907-2.870 (m, 2H), 2.538-2.283 (m, 4H),
2.178-2.013 (m, 8H), 1.913-1.872 (m, 2H), 1.680-1.599 (m,
1H).

Compound 58: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5,6-

dichloro-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)(methyl)amino)methyl)cyclopentane-1,2-diol

The diastereomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to yield a tan
powder (73 mg). 'H NMR (400 MHz, MeOD) 8, ppm 8.06 (s,
1H),7.64 (s,2H),7.21 (d, I=3.73 Hz, 1H), 6.59 (d, J=3.52 Hz,
1H), 4.32 (dd, 1=7.77, 6.12 Hz, 1H), 3.89 (m, 1H), 3.01 (m,
1H), 2.86 (t,1=7.67 Hz, 2H), 2.51 (m, 1H), 2.40 (m, 2H), 2.27
(m, 1H), 2.18 (s, 3H), 2.11 (m, 3H), 2.02 (q, J=6.43 Hz.
2H),1.88 (t, J=8.19 Hz, 2H), 1.63 (m, 1H).

Compound 59: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclobutylmethyl)amino)methyl)cyclopentane-1,2-
diol

Step 1: ethyl 3-((1R,35)-3-((cyclobutylmethyl)
(((3aR,4R,6R,6aS8)-6-(4-((2,4-dimethoxybenzyl)
amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-4-y1)
methyl)amino)cyclobutyl)propanoate

/ .
H
S
I_IN _—
N = NaCNBH;
| AcOH/MeOH
s Y = NH
0 : )
) N
YA
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-continued

The amine ethyl 3-[3-({[(3aR,4R,6R,6aS)-6-{4-[(2,4-
dimethoxybenzyl)amino]-7H-pyrrolo[2,3-d|pyrimidin-7-
yl1}-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-
4-yllmethyl}amino)cyclobutyl]propancate (1.8 g, 3.0 mmol)
was taken up in methanol (20 ml, 600 mmol) and sodium
cyanoborohydride (0.37 g, 5.9 mmol) was added. The pH was
adjusted to ca. 6 using a 10% solution of AcOH in methanol,
then cyclobutanecarboxaldehyde (0.32 g, 3.8 mmol) was
added in one portion. The reaction was allowed to proceed for
5 hours at which time HPLC indicated the reaction had
stalled. Another 1.3 equivalents of cyclobutanecarboxalde-
hyde was added and the reaction continued overnight.
NaHCO; (saturated) was added to the reaction mixture which
was then extracted 3 times with DCM. The combined organ-

i O
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Z
Q(O/’h
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NH

ics were dried with MgSO, and concentrated to a yellow
resin. Cis and trans isomers were separable on silica. Purifi-
cation by FC (DCM/7N NH; in MeOH 96:4) yielded 2 sepa-
rate batches of product, each enriched in one respective iso-
mer to about 90%. Top isomer: 0.38 g (5:1 mixture, cis)
Bottom isomer: 0.31 g (7:1 mixture, trans). MS (ESI*) for
C;sH, o N.O mv/z 676.7 [M+H]*; HPLC purity >69% (ret.
time, 3.791).

Step 2: N-(2-amino-5-(tert-butyl)phenyl)-3-((1R,3s)-
3-((cyclobutylmethyl)(((3aR,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[ d]
[1,3]dioxol-4-yl)methyl)amino)cyclobutyl)
propanamide

o
i LiOH
= THF/McOH
N y
11.
4 _
! / NH NI,
0 N
\/ N
NH,
HATU,

iPr, EtN, DMF
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-continued

T &

Bottom Isomer (trans): Lithium hydroxide monohydrate
(0.192 g, 4.59 mmol) was added to a solution of ethyl 3-((1R,
3s)-3-((cyclobutylmethyl)(((3aR,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)amino)cyclobutyl)propanoate (0.31 g, 0.46
mmol) in tetrahydrofuran (6 mL., 70 mmol) and methanol (1.5
ml, 37 mmol). The reaction was stirred overnight at room
temperature and by the next morning the starting material was
consumed and had been transformed into the acid. The reac-
tion was acidified with 1N HCI to pH=6. The volatiles were
removed in vacuo and the remaining water removed by azeo-
tropic distillation with ethanol followed by 24 hours of lyo-
philization. The resulting off white solid was used without
further purification. HPLC purity >94% (ret. time, 3.344).

N,N,N'N'-Tetramethyl-O-(7-azabenzotriazol-1-yl)uro-
nium hexafluorophosphate (0.273 g, 0.718 mmol) added to a
solution of 3-{trans-3-[(cyclobutylmethyl){[(3aR,4R,6R,
6aS)-6-{4-[(2,4-dimethoxybenzyl)amino]-7H-pyrrolo[2,3-
dJpyrimidin-7-y1}-2,2-dimethyltetrahydro-3aH-cyclopenta
[d][1,3]dioxol-4-yl]methyl}amino]cyclobutyl }propanoic
acid (0.31 g, 0.48 mmol) and N,N-diisopropylethylamine
(0.275 mL,, 1.58 mmol) and 4-tert-butylbenzene-1,2-diamine
(0.0943 g, 0.574 mmol) in N,N-dimethylformamide (2.96
ml, 38.3 mmol). The reaction was stirred overnight at room
temperature and by the next morning the starting material was
consumed. The reaction was partially concentrated to ca. 2
mls and then NaHCO; (saturated) was added. The mixture
was extracted with EtOAc 3 times and the combined organics
were dried with MgSO, and concentrated. The resulting resi-
due was purified by FC (DCM/7N NH; in MeOH 95:5) to
yield N-(2-amino-5-(tert-butyl)phenyl)-3-((1R,3s)-3-((cy-
clobutylmethyl)(43aR ,4R,6R,6aS)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y])methyl)
amino)cyclobutyl)propanamide (0.29 g; 76%) as a purple-
brown amorphous solid. HPLC purity >20% (ret. time, 3.650
min.)

iy,,,

\

25

30

35

40

45

50

55

65

340

O
O

(N

e}

Step 3: 7-((3aS,4R,6R,6aR)-6-((((1s,3R)-3-(2-(5-
(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)(cyclobutylmethyl)amino)methyl)-2,2-dim-
ethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-y1)-
N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine

O
O

AcOH,
65°C.

NN

m@;;@

A solution of N-(2-amino-5-(tert-butyl)phenyl)-3-((1R,
3s)-3-((cyclobutylmethyl)(((3  aR,4R,6R,6aS)-6-(4-((2,4-
dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)amino)cyclobutyl)propanamide (0.3 g, 0.4
mmol)in acetic acid (1.0 mL, 20 mmol) was stirred overnight
at 65° C. and by next morning the starting material was
consumed. The volatiles were removed in vacuo and the
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resulting residue purified by FC (DCM/7N NH; in MeOH
93:7)to yield 7-((3aS,4R,6R,6aR )-6-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)(cy-
clobutylmethyl)amino)methyl)-2,2-dimethyltetrahydro-
3aH-cyclopenta[d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine as
an off white solid. HPLC purity >73% (ret. time, 3.709 min.).

Step 4: (1R,2S,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-
dJpyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-butyl)-
1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(cy-
clobutylmethyl)amino)methyl)cyclopentane-1,2-diol

/
o
75
==
/b< N
s ! =
N ) o H /
J\/E: %/ ° § NN
N
H
77
d not" Y
N ) H
5 OH

iy,

A

=z

Trifluoroacetic acid (5§ mL, 70 mmol) was added to a mix-
ture of water (0.5 mL, 30 mmol) and 7-((3aS,4R,6R,6aR)-6-
((((1s,3R)-3-(2-(5-(tert-butyl)-1H-benzo[dJimidazol-2-y1)
ethyl)cyclobutyl)(cyclobutylmethyl)amino)methyl)-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxo0l-4-y1)-N-
(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine (0.23 g, 0.30 mmol) at room temperature. The reaction
was allowed to proceed overnight at which time the bright
pink suspension was quenched with triethylsilane (0.095 mL,,
0.59 mmol). The volatiles were removed in vacuo and the
resulting residue was taken up in MeOH (15 mls). 500 mgs of
K,COj; and 8 drops H,O were added and reaction stirred at
room temperature for 1 hour. The mixture was filtered and the
filter cake was washed with 10 mLs methanol. The filtrate was
concentrated and the resulting residue purified by FC (DCM/
7N NH; in MeOH 90:10) to yield (1R,2S,3R,5R)-3-(4-
amino-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-

342
(5-(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(cyclobutylmethyl)amino)methyl)cyclopentane-1,2-diol
(0.018 g, 10%) as a colorless solid. MS (ESI*) for
C3,H, N, O, m/z 586.4 [M+H]*; HPLC purity >93% (ret.
time, 2.070 min.) "H NMR (400 MHz, d,-MeOH) 3, 8.083
(s, 1H), 7.501 (s, 1H), 7.421-7.400 (m, 1H), 7.315-7.290 (m,

10 1H),7.218-7.209 (m, 1H), 6.621-6.612 (m, 1H), 4.350-4.317
(m, 1H), 3.930-3.903 (m, 1H), 3.403-3.367 (m, 1H), 2.880-
2.843 (m, 2H), 2.722-2.360 (m, 6H), 2.323-2.241 (m, 2H),
2.173-1.606 (m, 13H), 1.387 (s, 9H).

i. TFA
—_—

H,0
ii. Bt;SiH

NH

NH,

av

Compound 60: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((isopropyl((11,3S)-3-
(2-(5-(trifluoromethoxy)-1H-benzo[ d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)cyclopentane-1,2-
diol

50

Diastereoisomers separated by SFC. After lyophilization,
of a colorless solid (62 mg) was recovered.

55

Compound 61: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((isopropyl((1s,3R)-3-
(2-(5-(trifluoromethoxy)-1H-benzo[ d]imidazol-2-y1)

ethyl)cyclobutyl)amino)methyl)cyclopentane-1,2-
diol

Diastereosiomers were separated SFC. The material was
taken up in MeOH/H,,O and lyophilized to yield an off white
powder (89 mg). 'H NMR (400 MHz, MeOD) 8, ppm 8.06 (s,

65 1H),7.52(d,J=8.71 Hz, 1H), 7.40(s, 1H),7.19 (d, J=3.52 Hz,
1H),7.12 (m, 1H), 6.59 (d,J=3.52 Hz, 1H), 4.88 (m, 1H), 4.33
(m, 1H), 3.94 (t, J=5.39 Hz, 1H), 3.52 (m, 1H), 3.01 (m, 1H),
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2.87 (t,J=7.15 Hz, 2H), 2.68 (dd, J=13.48, 7.88 Hz, 1H), 2.47
(dd, J=13.27, 7.46 Hz, 1H), 2.37 (m, 1H), 2.21 (m, 3H), 2.04
(m, 3H), 1.84 (m, 2H), 1.58 (m, 1H), 1.02 (d, J=6.63 Hz, 3H),
0.98 (d, J=6.43 Hz, 3H).

Compound 62: (1R,2S5,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((methyl(3-(2-(5-(ox-
etan-3-yl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobu-
tyl)amino)methyl)cyclopentane-1,2-diol

N-(4-(oxetan-3-yl)phenyl)acetamide

N

e}

(4-Acetamidophenyeboronic acid {670 mg, 3.7 mmol),
Nickel (II) iodide (35 mg, 0.11 mmol), trans-2-aminocyclo-
hexanol (17 mg, 0.11 mmol), and Sodium hexamethyldisila-
zane (690 mg, 3.7 mmol) were weighed into a microwave
reaction vial. A septum was placed over the top, nitrogen was
purged and Isopropyl alcohol (5.7 ml, 75 mmol) was added.
The vial was purged with nitrogen for 10 minutes and 3-io-
dooxetane (344 mg, 1.87 mmol) was added in 0.75 ml iso-
propyl alcohol. The septum was replaced with a microwave
vial cap and the mixture was heated in a microwave reactor
(microwave conditions: CEM Discovery Explorer micro-
wave reactor; Ramp time: 10 min; 80° C. for 30 min; power:
300 W). The crude reaction mixture was diluted with 8 ml
EtOH and the suspension was filtered through a pad of solka
Floc®. The pad was washed with 35 m1 EtOH and the filtrate
was concentrated. The crude material was purified by flash
chromatography (SiO,, eluting with 40-60% EtOAc/
CH,Cl,) to give the desired product as an oil (200 mg).

N-(2-nitro-4-(oxetan-3-yl)phenyl)acetamide

NO,

N

e}

Sulfuric acid (9.4 ml, 180 mmol) was added carefully to
70% nitric acid (7:3, Nitric acid:Water, 11 ml, 170 mmol)
which was cooled at 0° C. over about 5-10 minutes. The
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mixture was stirred for 10 minutes at 0° C., then allowed to
warm to RT by removal of the ice bath. The acid solution was
transferred to a separatory funnel and Methylene chloride (20
ml, 300 mmol) was added. The funnel was shaken for 5
minutes, and the phases were allowed to separate.

The organic phase (upper phase) was isolated and the pro-
cess was repeated with an additional 20 ml CH,Cl,. The
organic extracts were combined, it was assumed the organic
phase contained about 5 g (-80 mmol) of anhydrous HNO,.
Using a 50 fold excess, this required about 25 ml of solution.
The nitric acid solution was cooled in a ice bath. The N-(4-
oxetan-3-ylphenyl)acetamide (21 0 mg, 0.70 mmol) was
treated with 25 ml of the chilled HNO,/CH,Cl, solution and
was allowed to stir about 30 minutes. The reaction mixture
was carefully poured into 45 ml 1 0% NH,OH solution and
carefully shaken. The phases were separated and the aqueous
phase was washed with 20 ml CH,Cl,. The combined organic
phase was dried over Na,SO,, filtered and concentrated. The
crude material was purified

by flash chromatography (SiO,, eluting with 25-35%
EtOAc/CH,Cl,) to yield the desired product as a solid (170

mg).

2-nitro-4-(oxetan-3-yl)aniline

NO,

NH,

A suspension of N-(2-nitro-4-oxetan-3-ylphenyl)aceta-
mide (125 mg, 0.529 mmo) in aqueous hydrazine (8 ml, 160
mmol) was heated at 70° C. for 2 h, the reaction mixture was
cooled to 45° C. and the hydrazine was removed in vacuo to
yield a solid. The crude material was purified by flash chro-
matography (SiO,, eluting with 20% EtOAc/CH,Cl, to yield
the desired product (71 mg).

4-(oxetan-3-yl)benzene-1,2-diamine

NH,

NH,

A solution of 2-nitro-4-oxetan-3-ylaniline (91 mg, 0.47
mmol) in Ethanol

(6.1 ml) was carefully treated with 10% Palladium on
carbon (10 mg, 0.009 mmol) as a slurry in ethanol. The
reaction flask was evaculated and filled with hydrogen gas
three times
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and the reaction was allowed to stir under an atmosphere of
hydrogen for 2 h. The reaction mixture was filtered through a
pad of solka Floc® and the pad was washed with 25 ml
MeOH. The filtrated was concentrated to yield an oil that
solidified under high vacuum overnight to give the desired
compound (72 mg). The material was used as is in the next
step. 1H NMR (400 MHZ, CDCL,) §,, ppm 6.81 (d, J=1.52
Hz, 1H), 6.70 (m, 2H), 5.02 (dd, 3=8.34, 5.81 Hz, 2H), 4.74
(m, 2H), 4.09 (m, 1H),3.45 (br. s., 2H), 3.37 (br. 5., 2H).

N-(2,4-dimethoxybenzyl)-7-((3aS,4R,6R,6aR)-2,2-
dimethyl-6-((methyl(3-(2-(5-(oxetan-3-yl)-1H-benzo
[d]imidazol-2-yl)ethyl)cyclobutyl)amino)methyl)
tetrahydro-3aH-cyclopenta[d][1,3]dioxo0l-4-y1)-7H-
pyrrolo[2,3-d|pyrimidin-4-amine

9,
%, N
On,, \
@e
@e
NH
MeO
OMe
A solution of 3-(3-((((32R,4R,6R,6a8)-6-(4-((2,4-

dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoic acid (250
mg. 0.42 mmol) and 4-oxetan-3-ylbenzene-1,2-diamine (72
mg, 0.44 mmol) in N,N-Dimethylformamide (4.3 ml, 56
mmol) was treated with N,N-Diisopropylethylamine (0.24
ml, 1.4 mmol) dropwise followed by N,N,N',N'-Tetramethyl-
0-(7-azabenzotriazol-1-yl)uronium  Hexafluorophosphate
(240 mg, 0.632 mmol) in one portion. The reaction mixture
was stirred at RT for 6 hours, upon which the reaction mixture
was concentrated under high vacuum. The residue was parti-
tioned between 30 ml EtOAc (some MeOH was added to aid
in solublizing the product) and 30 ml 1/1 H,O/sat NaHCO,.
The aqueous phase was extracted with 30 mL EtOAc and the
combined organic phase was dried over Na,SO,, filtered and
concentrated to a glass/stiff foam. The crude material was
purified by flash chromatography (SiO,, eluting with 6-7%
7N NH; in CH,OH/CH,CL,. Two sets of products were
found, a less polar pair and a more polar pair corresponding to
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the 2 aide regio-siomers. Each regio-siomer was processed
separately in the next step.

The amide (130 mg) was taken up in 5 ml glacial acetic acid
and heated at 65° C. for (2.25 h, the reaction was cooled and
placed in the fridge overnight. The acetic acid was removed
under high vacuum with the aid of' a warm water bath. The two
batches of crude product was taken up in 30 ml CH,Cl, and
the organic phase was washed with 10 ml portions of sat
NaHCO; and 2% Na,COj solutions, dried over Na,SO,, fil-
tered and concentrated. The crude material was purified by
flash chromatography (SiO,, eluting with 5.5-6.5% 7N NH,
in CH;OH/CH,CI, to give the desired compound (140 mg).

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-((methyl(3-(2-(5-(oxetan-3-yl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)me-
thyl)cyclopentane-1,2-diol

Q

—

N-(2,4-dimethoxybenzyl)-7-((3aS,4R,6R ,6aR)-2,2-dim-
ethyl-6-((methyl(3-(2-(5-(oxetan-3-y1)-1H-benzo[d]imida-
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zol-2-yl)ethyl)cyclobutyl )Jamino)methyl)tetrahydro-3aH-cy-
clopenta[d][1,3]dioxol-4-y1)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine (115 mg, 0.159 mmol) was dissolved in a mixture of
Trifluoroacetic Acid (4.00 ml, 51.9 mmol) and Water (0.40
ml, 22 mmol) which had been pre-cooled at 0° C. in an ice
bath. The solution was stirred at 0° C. for 2 h, the reaction
mixture was allowed to warm to RT. After 1 the reaction
mixture was concentrated in vacuo. The residue was taken up
in 6 ml MeOH, concentrated and the process was repeated
twice. The resultant residue was placed on high vacuum. The
crude residue was diluted with 2 ml MeOH, treated with 140
mg K,CO; and 10 drops of H,O and allowed to stir at RT until
the solution was basic by pH paper. The solution was filtered
through a fine frit and the solids washed with MeOH. The
filtrate was concentrated to a solid that was placed on high
vacuum overnight. The crude material was purified by prep
TLC on two 20 cmx20 cmx1.0 mm prep TLC plate, eluting
with 14% 7N NH; in CH;OH/CH,CI, to ive the product as a
colorless glass (37 mg) 'H NMR (400 MHz, MeOD) §,, ppm
8.06 (s, 1H), 7.52 (br. s., 1H), 7.48 (d, J=8.29 Hz, 1H), 7.28
(m, 1H), 7.20 (t, J=3.42 Hz, 1H), 6.60 (d, J=3.52 Hz, 1H),
5.12 (m, 2H), 4.80 (m, 2H), 4.38 (m, 1H), 4.32 (m, 1H), 3.89
(9, I=5.60 Hz, 1H), 3.04 (m, 1H), 2.85 (m, 2H), 2.70 (m, 1H),
2.52 (m, 1H), 2.41 (m. 2H), 2.27 (dd, J=10.99, 6.63 Hz, 2H),
2.19 (s, 3H), 2.17 (s, 3H), 2.14 (m, 1H), 2.03 (d, J=7.88 Hz,
1H), 1.91 (m, 3H), 1.62 (m, 1H), 1.51 (m, 1H).

Compound 63: (2R,3R,48,5R)-2-(6-amino-9H-pu-

rin-9-y1)-5-((methyl((1r,3S)-3-(2-(5-(oxetan-3-y1)-

1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)
methyl)tetrahydrofuran-3,4-diol

The diastereomers were separated by SFC. The material
was taken up in MeOH/H,O and lyophilized to a tan powder
(58 mg). '"H NMR (400 MHz, MeOD) 8, ppm 8.26 (s, 1H),
8.19 (s, 1H), 7.51 (s, 1H), 7.47 (d, J=8.29 Hz, 1H), 7.26 (dd,
J=8.29, 1.45 Hz, 1H), 5.97 (d, J=3.94 Hz, 1H), 5.11 (dd,
J=8.29, 6.01 Hz, 2H), 4.79 (t, J=6.32 Hz, 2H), 4.69 (m, 1H),
4.36 (m, 1H), 4.22 (t, I=5.60 Hz, 1H), 4.15 (m, 1H), 2.79 1,
J=7.15 Hz, 2H), 2.72 (m, 1H), 2.66 (m, 2H), 2.21 (m, 2H),
2.14 (s, 3H), 1.88 (m, 3H), 1.45 (m, 2H).

Compound 64: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-y1)-5-((methyl(3-(2-(5-(oxetan-3-yl)-1H-benzo
[d]imidazol-2-yl)ethyl)cyclobutyl)amino)methyl)
tetrahydrofuran-3,4-diol

Step 1: 3-(3-((((3aR,4R,6R ,6aR )-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrotfuro|3,4-d][ 1,3]
dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)pro-

panoic acid
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A solution of ethyl 3-(3-((((32R,4R,6R,6aR)-6-(6-amino-
9H-purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]di-
oxol-4-yl)methyl)(methyl)amino)cyclobutyl)propanoate
(0.39 g, 0.82 mmol) in methanol (14 mL) was treated with a
1 M aqueous solution of sodium hydroxide (1.56 mL, 1.56
mmol) and the reaction mixture was heated at 50° C. with
stirring for 3.5 h; HPLC/LC MS indicated conversion to the
desired product. The reaction mixture was concentrated in
vacuo and the aqueous residue was diluted with water (10
ml) and extracted with CH,Cl, (3x5 mL). The aqueous layer
was treated with a 1 M aqueous solution of hydrogen chloride
(1.44 mL, 1.44 mmol) to adjust to pH 7. The clear, colorless
solution was lyophilized to afford the crude title compound
(0.487 g, 110%) as a slightly off-white solid, yield accounts
for 1.56 mmol NaCl (91 mg): MS (ESI+) for C,,H;,N Oy
m/z 447.1 M+H)*"; MS (ESI-) for C,,H;N;O5 m/z 445.2
(M-H)~; HPLC purity >95% (ret. time, 1.949 min).

Step 2: N-(2-amino-5-(oxetan-3-yl)phenyl)-3-(3-
((((3aR,4R,6R ,6aR)-6-(6-amino-9H-purin-9-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y])me-
thyl)(methyl)amino)cyclobutyl)propanamide

X

A suspension of the above crude 3-(3-((((3aR,4R,6R,6aR )-
6-(6-amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)pro-
panoic acid and 4-(oxetan-3-yl)benzene-1,2-diamine (0.135
g, 0.822 mmol) in methylene chloride (8.0 mL) was treated
with N,N-diisopropylethylamine (0.716 mL, 4.11 mmol) and
cooled to -5° C. (ice/brine). N,N,N',N'-tetramethyl-O-(7-
azabenzotriazol-1-yl)uronium hexafluorophosphate [HATU]
(0.469 g, 1.23 mmol) was added and the reaction mixture was
stirred for 5.25 h, warming to 15° C.; HPLC/L.C MS indicated
complete conversion. The reaction mixture was concentrated
in vacuo and diluted with CH,Cl, (15 mL) and water (7.5
mL). The separated aqueous layer was extracted with CH,Cl,
(2x10 mL). The combined organics were dried (Na,SO,) and
concentrated in vacuo to afford a brown-purple semi-opaque
oil/foam. Purification by column chromatography (2x8 cm
silica; 0-5% 7 N methanolic NH,/CH,Cl,) afforded both
amide regioisomers of the title compound (0.45 g, 82%) as a
semi-opaque pink foam: MS (ESI+) for C;,H, N,O5 m/z
5933 (M+H)*; MS (ESI-) for C;,H,N;O5 m/z 591.3
(M-H)™ and 637.4 (M+HCO,)™; HPLC purity 90% (ret. time,
2.097 min).
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Step 3: 9-((3aR,4R,6R,6aR)-2,2-dimethyl-6-((methyl
(3-(2-(5-(oxetan-3-yl)-1H-benzo[ d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)tetrahydrofuro[3,4-d]
[1,3]dioxol-4-y1)-9H-purin-6-amine

/=N
N o N\R\(NHZ
3
0. (0]
X

N-(2-amino-5-(oxetan-3-yl)phenyl)-3-(3-((((3aR,4R,6R,
6aR)-6-(6-amino-9H-purin-9-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(methyl)amino)cyclobu-
tyl)propanamide (0.446 g, 0.752 mmol) was taken up in
acetic acid (7.7 mL, 140 mmol) and heated at 65° C. for 3.5h;
HPLC/LC MS indicated complete conversion. At 3.75 h the
acetic acid was removed by distillation with minimal warm-
ing to afford an orange oil, which was taken up in CH,Cl, (45
ml) and washed with saturated aqueous NaHCO; (2x30
mL). The aqueous layer was treated with NaCl until saturated
and extracted with CH,Cl, (2x20 mL). The combined organic
layers were dried (Na,SO,) and concentrated in vacuo to
afford a light orange oil. Purification by column chromatog-
raphy (2x8 cm silica; 0-5% 7 N methanolic NH,/CH,Cl,)
afforded the title compound (0.28 g, 65%) as a light orange
foam: MS (ESI+) for C; H; N0, m/z 575.3 (M+H)*; MS
(ESI-) for C;H;4N O, m/z 573.3 (M-H)™; HPLC purity
>95% (ret. time 2.142 min).

Step 4: (2R,3R,4S,5R)-2-(6-amino-9H-purin-9-yl)-5-
((methyl(3-(2-(5-(oxetan-3-y1)-1H-benzo[d]imida-
701-2-yl)ethyl)cyclobutyl)amino)methyl)tetrahydro-
furan-3,4-diol

A\ o N/j;\(NHZ
g)\/\O\N\AQ» (X

HO  oH

To a cooled (ice bath) flask containing 9-((3aR,4R,6R,
6aR)-2,2-dimethyl-6-((methyl(3-(2-(5-(oxetan-3-yl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino )methyl)tet-
rahydrofuro[3,4-d][1,3]dioxol-4-y1)-9H-purin-6-amine
(0.28 g,0.42 mmol) was added a precooled (ice bath) solution
of trifluoroacetic acid (6.4 mL., 84 mmol) in water (0.75 mL,
42 mmol). The reaction mixture was stirred for 5.75hat0° C.;
HPLC/LC MS indicated nearly complete consumption of
starting material. At 6 h the flask was removed from the cold
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bath and the volatiles were removed by distillation at rt. The
residue was diluted with MeOH (15 mL) and treated with
potassium carbonate (0.32 g, 2.3 mmol) and water (1 mL) and
the mixture was stirred for 20 min at rt; pH 2. Additional
potassium carbonate (0.20 g, 1.4 mmol) was added and the
mixture was stirred for 20 min; pH 8-9. The solution was
filtered through a fine frit, rinsing with MeOH, and the filtrate
was concentrated in vacuo to afford a tan semi-solid. Purifi-
cation by column chromatography (3x8 cm silica; 10-20% 7
N methanolic NH,/CH,Cl,) afforded the title compound (123
mg, 55%) as a nearly colorless glass: MS (ESI+) for
C,,H,, N0, m/z535.3 (M+H)"; MS (ESI-) for C,,H,,N;O,
m/z 533.3 (M-H)~; HPLC purity >95% (ret. time 1.765 min);
'H NMR (400 MHz, d,-MeOH) mixture of cis/trans isomers
8,7 8.29-8.25 (m, 1H), 8.21-8.17 (m, 1H), 7.51 (s, 1H), 7.47
(d,J=8.3 Hz, 1H), 7.26 (dd, J=1.6, 8.3 Hz, 1H), 6.00-5.96 (m,
1H), 5.11 (dd, J=5.8, 8.3 Hz, 2H), 4.81-4.76 (m, 2H), 4.73-
4.68 (m, 1H), 4.40-4.31 (m, 1H), 4.27-4.13 (series of m, 2H),
3.13-3.03 (m, 0.4H), 2.86-2.66 (series of m, 4.6H), 2.30-1.80
(series of m, 8.6H), 1.55-1.40 (m, 1.4H).

Compound 65: (2R,3R,48,5R)-2-(6-amino-9H-pu-

rin-9-y1)-5-((methyl((1s,3R)-3-(2-(5-(oxetan-3-yl)-

1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)
methyl)tetrahydrofuran-3,4-diol

The diastereomers were separated at by SFC. The material
was taken up in MeOH/H,,O and lyophilized to a white pow-
der (35 mg). 'H NMR (400 MHz, MeOD) §,, ppm 8.28 (s,
1H), 8.19 (s, 1H), 7.51 (s, 1H), 7.48 (d, J=8.29 Hz, 1H), 7.27
(dd, J=8.29, 1.45 Hz, 1H), 5.98 (d, J=4.15 Hz, 1H), 5.12 (dd,
J=8.40, 5.91 Hz, 2H), 4.79 (t, J=6.32 Hz, 2H), 4.69 (dd,
J=5.39, 4.15 Hz, 1H), 4.36 (m, 1H), 4.23 (t, I=5.60 Hz, 1H),
4.17 (m, 1H), 3.05 (m. 1H), 2.83 (t, J=7.46 Hz, 2H), 2.67 (m.
2H), 2.16 (s, 3H), 2.08 (m, 2H), 1.98 (m, 3H), 1.83 (m, 2H).

Compound 67: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-A-5-[({3-[2-(5-cyclobutyl-1H-1,3-benzodiazol-
2-yDethyl]cyclobutyl} (propan-2-yl)amino)methyl]
oxolane-3,4-diol

Step 1: Benzyl 3-[3-({[(3aR,4R,6R,6aR )-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyl-tetrahydro-2H-
furo[3,4-d][1,3]dioxol-4-yl|methyl }amino)cyclobu-

tyl|propanoate
NH,
N x
N
i < j@
@\/ ISE N
o 0.

T,
st

O,
O

X

A suspension of the 9-[(3aR,4R,6R,6aR)-6-(aminom-
ethyl)-2,2-dimethyl-tetrahydro-2H-furo[3,4-d][1,3]dioxol-
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4-y1]-9H-purin-6-amine (1.45 g, 4.736 mmol), benzyl 3-(3-
oxocyclobutyl)propanoate (1.21 g, 5.209 mmol) and acetic
acid (246.45 ul, 4.31 mmol) in DCE:iPrOH (4:1, 50 ml) was
stirred at RT for 1 h. A further aliquot of DCE (40 ml) and
iPrOH (5 ml) was added to the reaction mixture and continued
for 1 hour. STAB (1.28 g, 6.03 mmol) was then added and the
reaction mixture was stirred for 18 hours. The reaction mix-
ture was quenched with 1N Na,CO; (10 ml), and the product
was extracted with DCM (2x30 ml). This was dried over
Na,SO,, filtered and evaporated to dryness. Purification by
silica gel column chromatography, eluting with 7N NH; in
MeOH:DCM (1:99-3:97) gave the desired product as a
colourless oil, 1.51 g (58%); MS (EST*) for C,,H;,N,Os m/z
523.65 [M+H]*; HPLC purity 97% (ret. time, 1.43 min); ‘H
NMR (500 MHz, CHLOROFORM-d) 8, ppm 8.35 (d, J=5.3
Hz, 1H), 7.87 (d, J=33.8 Hz, 1H), 7.40-7.29 (m, 5H), 6.08-
5.94 (m, 1H), 5.59-5.42 (m, 3H), 5.10 (d, J=4.0 Hz, 2H),
5.03-4.96 (m, 1H), 4.33 (dq, J=7.3, 3.9 Hz, 1H), 3.12 (ddd,
J=23.0, 14.6, 7.5 Hz, 1H), 2.85-2.77 (m, 1H), 2.74 (dd,
J=12.5, 6.6 Hz, 1H), 2.39-2.07 (m, 4H), 1.90-1.64 (m, 5H),
1.61 (s, 4H), 1.38 (s, 3H), 1.28-1.06 (m, 1H).

Step 2. Benzyl 3-[3-({[(3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-y1)-2,2-dimethyl-tetrahydro-2H-
furo[3,4-d][1,3]dioxol-4-ylJmethyl} (propan-2-y1)
amino)cyclobutyl|propanoate

NH,
N x
N
Y p |
N J
N

K,CO; (528.92 mg, 3.83 mmol) was added to a solution of
benzyl  3-[3-({[(3aR,4R,6R,6aR)-6-(6-amino-9H-purin-9-
y1)-2,2-dimethyl-tetrahydro-2H-furo[ 3,4-d][ 1,3]dioxol-4-
yl]methyl}amino)cyclobutyl]propancate  (1.00 g, 1.91
mmol) and 2-iodopropane (0.57 ml, 5.74 mmol) in MeCN
and stirred at 95° C. in a sealed tube for 18 hours. The reaction
mixture was diluted with EtOAc (20 ml), filtered and evapo-
rated to dryness. Purification by silica gel chromatography,
eluting with 7N NH; in MeOH:DCM (1:99-5:95) gave the
desired product as a colourless oil, 700 mg (65%); MS (ESI*)
for C3H,oNOs m/z 565.70 [M+H]"; HPLC purity 96% (ret.
time, 1.48 min); '"HNMR (500 MHz, CHLOROFORM-d) §,,
ppm 8.35 (d, J=3.5 Hz, 1H), 7.88 (d, J=3.2 Hz, 1H), 7.44-7.29
(m, 5H), 6.03 (1, I=2.2 Hz, 1H), 5.62-5.42 (m, 3H), 5.10 (d,
J=3.3 Hz, 2H), 5.06-4.92 (m, 1H), 4.26 (dt, J=9.9, 3.4 Hz,
1H), 3.46-2.84 (m, 2H), 2.88-2.61 (m, 1H), 2.51 (ddd, J=14.0,
9.1, 7.5 Hz, 1H), 2.33-2.15 (m, 2H), 2.50-2.13 (m, 2H),
2.16-1.74 (m, 4H), 1.60 (s, 3H), 1.43-1.35 (m, 4H), 0.96 (d,
J=6.7 Hz, 3H), 0.79 (d, J=6.6 Hz, 3H).
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Step 3. 3-[3-({[(3aR 4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyl-tetrahydro-2H-furo[3,4-d]
[1,3]dioxol-4-yl]methyl } (propan-2-yl)amino)cy-
clobutyl]propanoic acid

NH,

N X
N
N
N N
HO o
0 - -
o) o)

10% Pd—C (70 mg) was added to a solution of benzyl
3-[3-({[(3aR,4R,6R,6aR )-6-(6-amino-9H-purin-9-yl)-2,2-
dimethyl-tetrahydro-2H-furo[3,4-d][1,3]dioxo0l-4-yl|me-
thyl}(propan-2-yl)amino)cyclobutyl]propanoate (790 mg,
1.40 mmol) in EtOH (20 ml) and stirred under an atmosphere
of hydrogen for 18 hours at RT. A further aliquot of 10%
Pd—C (70 mg) was added and the reaction was continued
stirring under hydrogen for 4 hours. This was filtered and
evaporated in vacuo, and then evaporated from DCM (2x20
ml) to give 680 mg (quant.) of a white foamy solid; MS (ESI*)
for C,3H,,NO5 m/z 475.20 [M+H]*; HPLC purity 100%
(ret. time, 1.11 min); 'H NMR (500 MHz, CHLOROFORM-
d) 8, ppm 8.29 (d, J=16.3 Hz, 1H), 7.97 (d, I=16.2 Hz, 1H),
6.86 (s, 2H), 6.05 (dd, J=4.3, 1.7 Hz, 1H), 5.66-5.43 (m, 1H),
5.00 (ddd, J=19.3, 6.3, 3.2 Hz, 1H), 4.30 (s, 1H), 3.47-2.85
(m, 2H), 2.60 (ddd, J=38.8, 24.1, 13.5 Hz, 2H), 2.19 (ddd,
J=14.7, 11.9, 7.1 Hz, 2H), 2.07-1.94 (m, 2H), 1.81 (dd,
J=65.1, 6.9 Hz, 3H), 1.66-1.46 (m, 5H), 1.45-1.22 (m, 4H),
1.00 (d, J=6.4 Hz, 3H), 0.89 (dd, J=12.2, 6.6 Hz, 3H).

Step 4. 3-[3-({[(3aR,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyl-tetrahydro-2H-furo[3,4-d]
[1,3]dioxol-4-yl]methyl } (propan-2-yl)amino)cy-
clobutyl]-N-(2-amino-4/5-cyclobutylphenyl)
propanamide

NH,
N | \N
J
@/ \’(\/U \G :
5 ?)

X

TEA (0.54 ml, 3.90 mmol) was added to a solution of
3-[3-({[(3aR,4R,6R,6aR )-6-(6-amino-9H-purin-9-yl)-2,2-
dimethyl-tetrahydro-2H-furo[3,4-d][1,3]dioxo0l-4-yl|me-
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thyl}(propan-2-yl)amino)cyclobutyl]propanoic acid (308.46
mg, 0.65 mmol), 4-cyclobutylbenzene-1,2-diamine (210.90
mg, 1.30 mmol), ethyl (2E)-cyano(hydroxyimino)ethanoate
(184.75 mg, 1.30 mmol), and EDC.HCI (249.21 mg, 1.30
mmol) in DCM (15 ml) at RT and stirred for two hours. The
reaction mixture was concentrated in vacuo, then DCM (50
ml) was added. This was washed with sat. NaHCO; (2x30
ml). The aqueous was extracted with DCM (50 ml). The
combined organics was dried over Na,SO,, filtered and
evaporated. The product was purified by silica gel column
chromatography eluting with EtOAc, and then 7N NH; in
MeOH:DCM (5:95), to give a grey oil, 468 mg (93%); MS
(EST") for C33H,NO, m/z 619.35 [M+H]*; HPLC purity
80% (ret. time, 1.44 min).

Step 5. 9-[(3aR,4R,6R,6aR)-6-[({3-[2-(5-cyclobutyl-
1H-1,3-benzodiazol-2-yl)ethyl]cyclobutyl } (propan-
2-yl)amino)methyl]-2,2-dimethyl-tetrahydro-2H-
furo[3,4-d][1,3]dioxol-4-yl]-9H-purin-6-amine

AcOH (10 ml) was added to 3-[3-({[(3aR,4R,6R,6aR)-6-
(6-amino-9H-purin-9-yl)-2,2-dimethyl-tetrahydro-2H-furo
[3,4-d][1,3]dioxol-4-yl]methyl}(propan-2-yl)amino)cy-
clobutyl]-N-(2-amino-4/5-cyclobutylphenyl)propanamide
(468 mg, 0.61 mmol) and heated to 65° C. whilst stirring for
4 hours. The reaction mixture was concentrated in vacuo, then
dissolved in DCM (100 ml) and washed with sat. NaHCO,
(2x80 ml), dried over Na,SO,, filtered and evaporated. Puri-
fication by flash silica gel chromatography (Biotage, Isolera,
25 g cartridge), eluting with 3N ammonia in MeOH:DCM
(0-1:9) gave the desired product with purity approx 80%.
Further purification by preparative HPLC afforded the
desired product as a grey oil, 120 mg (27%); MS (EST*) for
C,5H,,N,O, m/z 601 [M+H]*; HPLC purity 100% (ret. time,
1.43 min); "H NMR (500 MHz, CHLOROFORM-d) 8, ppm
8.62(d,J=53.1 Hz, 6H), 8.57 (s, 2H), 8.25 (d, J=19.3 Hz, 1H),
7.90(d, I=20.3 Hz, 1H), 7.50 (dd, J=8.3,3.9 Hz, 1H), 7.41 (d,
J=4.5 Hz, 1H), 7.18-7.06 (m, 1H), 6.52 (d, J=96.3 Hz, 2H),
6.07 (dd, I=10.2, 1.3 Hz, 1H), 5.52-5.39 (m, 1H), 5.07 (dd,
J=6.2, 3.4 Hz, 1H), 4.44 (td, J=9.3, 5.1 Hz, 1H), 3.59 (dq,
J=17.4, 8.7 Hz, 1H), 3.36-3.10 (m, 2H), 3.08-2.92 (m, 2H),
2.87-2.72 (m, 2H), 2.43-2.27 (m, 2H), 2.24-1.65 (m, 10H),
1.57 (s, 4H), 1.37 (s, 3H), 1.10 (d, J=6.6 Hz, 3H), 0.91 (dd,
J=8.9, 6.8 Hz, 3H).
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Step 6. (2R,3R,48,5R)-2-(6-amino-9H-purin-9-y1)-5-
[({3-[2-(5-cyclobutyl-1H-1,3-benzodiazol-2-y1)
ethyl]|cyclobutyl} (propan-2-yl)amino)methyl]ox-
olane-3,4-diol

NH,
N X
N
&
N
o N
N
=
NH & 5
HO [0)¢4

12N HC1 (24 mmol, 2 ml) was added dropwise to a solution
of 9-[(3aR,4R,6R,6aR)-6-[ ({3-[2-(5-cyclobutyl-1H-1,3-
benzo  diazol-2-yl)ethyl]cyclobutyl}(propan-2-yl)amino)
methyl]-2,2-dimethyl-tetrahydro-2H-furo[3,4-d][ 1,3 ]di-
oxol-4-yl]-9H-purin-6-amine (120 mg, 0.164 mmol) in
MeOH (2 ml) at 0° C. whilst stirring. This was then allowed
to warm to RT and continued for 6 hours. The reaction mix-
ture was cooled to 0° C. and basified with 7N NH, in MeOH
(10 ml). This was then evaporated in vacuo. The crude prod-
uct was absorbed onto silica gel (1 ml), placed onto an isolute
flash Si cartridge (10 g) and purified, eluting with 7N NH; in
MeOH:DCM (1:9) to give a white solid, 36 mg (38%); MS
(EST™) for C;,H,,N,O; m/z 561.45 [M+H]*; HPLC purity
100% (ret. time, 1.13 min); "H NMR (500 MHz, CHLORO-
FORM-d) §,, ppm 8.29 (d, J=4.6 Hz, 1H), 8.20 (d, J=1.6 Hz,
1H), 7.50-7.18 (m, 2H), 7.06 (ddd, J=8.3, 4.6, 1.3 Hz, 1H),
6.01-5.90 (m, 1H),4.73 (dd, J=9.8,5.1 Hz, 1H),4.26 (q, J=5.4
Hz, 1H), 4.14-4.03 (m, 1H), 3.60-3.15 (m, 2H), 3.07-2.86 (m,
2H), 2.84-2.67 (m, 3H), 2.42-2.31 (m, 2H), 2.25-2.11 (m,
4H), 2.10-1.95 (m, 2H), 1.92-1.74 (m, 4H), 1.57 (dd, J=12.2,
6.2 Hz, 1H), 1.02 (dd, J=6.6, 4.0 Hz, 3H), 0.95 (dd, J=6.6,2.3
Hz, 3H).

Compound 68: (2R,3R,4S,5R)-2-(6-Amino-9H-pu-
rin-9-y1)-5-{[(3-{2-[5-(1-methoxy-2-methylpropan-
2-y1)-1H-1,3-benzodiazol-2-yl]ethyl}cyclobutyl)
(methyl)amino]methyl}oxolane-3,4-diol

Step 1: Benzyl 3-[3-({[(3aR,4R,6R,6aR )-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyl-tetrahydro-2H-
furo[3,4-d][1,3]dioxol-4-yl|methyl }amino)cyclobu-

tyl|propanoate

X

A suspension of 9-[(3aR,4R,6R,6aR)-6-(aminomethyl)-2,
2-dimethyl-tetrahydro-2H-furo[3,4-d][1,3]dioxo0l-4-y1]-9H-
purin-6-amine (5.00 g, 16.3 mmol), benzyl 3-(3-oxocyclobu-
tyl)-propanoate (4.17 g, 18.0 mmol) and acetic acid (0.85 ml,
14.8 mmol) in DCE:iPrOH (7:2) (90 ml) was stirred at r.t. for

My,
W

O,
e}
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2 h. Sodium triacetoxyborohydride (4.40 g, 20.8 mmol) was
added in portions and the mixture left to stir for 18 hatr.t. The
reaction mixture was quenched with 1M Na,COj solution (10
ml) and the product was extracted with DCM (3x30 ml). The
combined organic layers were dried over Na,SO,, filtered and
evaporated to dryness. Purification by silica gel flash column
chromatography eluting with 1% 7M NH; in MeOH:99%
DCM gave the product as a yellow oil (5.25 g, 55%, 89%
pure): MS (EST") for C,,H;,N.O5 m/z 523.6 [M+H]*; LC
purity 89% (ret. time, 1.60 min); 'H NMR (500 MHz, CDCl,)
d,,8.35 (d, J=6.0 Hz, 1H), 7.91 (s, 1H), 7.30-7.39 (m, 5H),
6.01 (dd, J=3.0 Hz, 1.6, 1H), 5.72 (br. s., 2H), 5.50 (dt, J=6.4
Hz, 3.3, 1H), 5.10 (d, J=3.8 Hz, 2H), 4.98-5.04 (m, 1H),
431-4.38 (m, 1H), 2.97-3.34 (m, 1H), 2.72-2.85 (m, 2H),
2.22-2.35 (m, 3H), 2.14 (td, J=8.3, 4.3 Hz, 1H), 1.73-1.90 (m,
4H), 1.64-1.71 (m, 1H), 1.62 (d, J=1.4 Hz, 3H), 1.39 (s, 3H),
1.10-1.27 (m, 1H).
Step 2: Benzyl 3-[3-({[(3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-y1)-2,2-dimethyl-tetrahydro-2H-
furo[3,4-d][1,3]dioxol-4-yl|methyl } (methyl)amino)

cyclobutyl]propanoate
N -
NH;
O N 2
SN
O 0

X

Benzyl 3-[3-({[(3aR,4R,6R,6aR)-6-(6-amino-9H-purin-
9-y1)-2,2-dimethyl-tetrahydro-2H-furo[3,4-d][ 1,3 ]dioxo0l-4-
yl]methyl}amino)cyclobutyl]propanoate (3.2 g, 6.12 mmol)
was dissolved in methanol (32 ml). Formaldehyde in water
(37%) (0.92 ml, 12.3 mmol) was added and stirred for 45 min
before adding sodium cyanoborohydride (0.54 g, 8.57 mmol)
portionwise. The reaction was stirred for 2 h at r.t. before
adding water (1 ml) and evaporating off the solvent at r.t. The
residue was purified by chromatography with 7M ammonia in
methanol/DCM to give the desired compound as a yellow oil
(mix of diastereomers) (2.05 g, 62%, 82% pure): MS (ESI*)
for C,gH3 NgO5 m/z 537.6 [M+H]*; LC purity 82% (ret.
time, 1.60 min); 'H NMR (500 MHz, CDCl,) §,, 8.32-8.38
(m, 1H), 7.91-7.97 (m, 1H), 7.32-7.39 (m, 5H), 6.05-6.10 (m,
1H), 5.61 (br. s., 2H), 5.53 (ddd, J=16.5, 6.4, 1.8 Hz, 1H), 5.11
(m, 2H), 4.93-5.00 (m, 1H), 4.32-4.40 (m, 1H), 2.50-2.88 (m,
1H), 2.37-2.49 (m, 2H), 2.21-2.30 (m, 2H), 2.10 (m, 3H),
1.91-2.04 (m, 1H), 1.73-1.79 (m, 2H), 1.64-1.72 (m, 2H),
1.56-1.63 (m, 4H), 1.41 (s, 3H), 1.15 (q, J=9.7 Hz, 1H).

Step 3: 3-[3-({[(3aR,4R,6R,6aR)-6-(6-Amino-9H-
purin-9-y1)-2,2-dimethyl-tetrahydro-2H-furo[3,4-d]
[1,3]dioxol-4-yl]methyl} (methyl)amino)cyclobutyl]

propanoic acid

- 5 N/= N

WQT“Q’ V/Y\N
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X
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Benzyl 3-[3-({[(3aR.4R,6R,6aR)-6-(6-amino-9H-purin-
9-y1)-2,2-dimethyl-tetrahydro-2H-furo[3,4-d][ 1,3]dioxo0l-4-
yl]methyl}(methyl)amino)cyclobutyl]propancate (1.19 g,
2.22 mmol) was dissolved in ethanol (24 ml) and 10% palla-
dium on charcoal (50% wet paste) (0.24 g) added. The sus-
pension was stirred under an atmosphere of hydrogen for 18
h. It was then filtered and the solid washed with ethanol (10
ml). As the reaction was incomplete, further palladium on
charcoal (0.21 g) was added and the reaction continued under
hydrogen for a further 24 h. Filtered through double glass
fibre, washed with ethanol and evaporated to dryness to give
the desired compound as a white foam (mix of diastercomers)
(0.85 g, 86%): MS (ESI") for C, H;,N;O5 m/z 447.5
[M+H]*; LC purity 86% (ret. time, 1.08 min); "H NMR (500
MHz, d,-MeOD) 9§, 8.18-8.35 (m, 2H), 6.14-6.30 (m, 1H),
5.25-5.56 (m, 1H), 5.01-5.11 (m, 1H), 4.35-4.52 (m, 1H),
3.63-3.81 (m, 1H), 3.24-3.30 (m, 1H), 2.98-3.16 (m, 1H),
2.89(ddd, J=17.2,13.4,3.7 Hz, 1H), 2.36 (m, 2H), 2.17-2.26
(m, 1H), 1.98-2.17 (m, 3H), 1.67-1.92 (m, 3H), 1.49-1.64 (m,
4H), 1.39 (s, 3H), 1.20-1.33 (m, 1H).

Step 4: Methyl
2-(4-fluorophenyl)-2-methylpropanoate

OMe

Sodium hydride (60% suspension in mineral oil) (2.64 g,
66 mmol) was washed with heptanes (2x20 ml) and sus-
pended in THF (40 ml). A solution of methyl 2-(4-fluorophe-
nyl)acetate (5.05 g, 30 mmol) in THF (10 ml) was added and
stirred for 30 mins. Methyl iodide (5.6 ml, 90 mmol) was
added in 1 ml portions over 30 mins, initially with cooling to
10° C. then gentle warming to 50° C. as the gas evolution
ceased. After 4.5 h, water (50 ml) was added and the mixture
extracted with EtOAc (2x50 ml). The combined organic
phases were washed with brine (30 ml) and dried over MgSO,,
before filtering and evaporating to dryness to leave an orange
oil (5.08 g, 79%, 91% pure by 'H NMR): MS (ESI*) for
C,;H,;FO, m/z 196.2 [M+H]"; LC purity 80% (ret. time,
1.94 min); 'H NMR (500 MHz, CDCl,) 8,, 7.29-7.34 (m,
2H), 6.98-7.05 (m, 2H), 3.66 (s, 3H), 1.58 (s, 6H).

Step 5: 2-(4-Fluorophenyl)-2-methylpropan-1-ol

OH

Methyl 2-(4-fluorophenyl)-2-methylpropanoate (5.08 g,
26.9 mmol) was dissolved in THF (51 ml) and cooled to 0° C.
before adding a solution of lithium aluminium hydride (1M in
THF) (38.8 ml, 38.8 mmol) dropwise over 30 mins. When the
addition was complete, the reaction was warmed to r.t. and
stirred for 3 h. After recooling on ice, water (1.35 ml) was
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added cautiously followed by 15% NaOH in water (1.35 ml)
and more water (4.05 ml). The suspension was stirred at r.t.
for 30 mins before the solid was filtered off and washed with
THF (2x30 ml). The solvent was evaporated and the product
purified by chromatography with EtOAc/heptanes to give a
clear oil (3.48 g, 80%): MS (ESI*) for C,,H;;FO m/z 168.2
[M+H]*; LC purity 94% (ret. time, 1.76 min); "H NMR (500
MHz, CDCl,) §,,7.41-7.32 (m, 2H), 7.15-7.00 (m, 2H), 3.62
(d, J=6.4 Hz, 2H), 1.35 (s, 6H).

Step 6:
1-Fluoro-4-(1-methoxy-2-methylpropan-2-yl)benzene

OMe

Sodium hydride (1.664 g, 41.6 mmol, 60% dispersion in
mineral oil) was suspended in dry THF (18 ml) under N, and
2-(4-fluorophenyl)-2-methylpropan-1-ol  (3.500 g, 20.8
mmol) indry THF (18 ml) was slowly added to the suspension
at 0° C. After complete addition the reaction was warmed to
r.t. and left for 1 h. lodomethane (6.5 ml, 0.104 mmol) was
slowly added at r.t. and the reaction left for 3 h. The reaction
was quenched by slow addition of H,O (35 ml). The layers
were separated and the aqueous layer was extracted with
EtOAc (3x35 ml). The combined organic layers were dried
over MgSO,, filtered and concentrated in vacuo to give the
crude product. The product was purified by silica flash col-
umn chromatography using between 100% heptane to 10%
EtOAc:90% heptane as eluent to give the product as a colour-
less 0il (2.991 g, 79%): L.C purity 98% (ret. time, 2.16 min);
'"HNMR (500 MHz, CDCl,) §,,7.40-7.32 (m, 2H), 7.11-6.96
(m, 2H), 3.39 (s, 2H), 3.33 (s, 3H), 1.33 (s, 6H).

Step 7: 1-Fluoro-4-(1-methoxy-2-methylpropan-2-
yD)-2-nitrobenzene

0:N OMe

Fluoro-4-(1-methoxy-2-methylpropan-2-yl)benzene
(2.987 g, 16.4 mmol) was cooled in a salt ice/water bath to
-20° C. and sulfuric acid (27 ml) was slowly added dropwise
with stirring. On addition of sulfuric acid the solution turned
a bright orange. Nitric acid (3 ml) was slowly added dropwise
over 15-20 mins. On addition of nitric acid the solution turned
dark yellow/brown and some white solid precipitated. The
reaction was left for 30 mins then poured over ice (450 g). The
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mixture was extracted with DCM (2x225 ml) and the com-
bined organic extracts were dried over MgSQO,, filtered and
concentrated in vacuo to give the crude product. The product
was purified by silica flash column chromatography using
between 100% heptanes to 20% EtOAc:80% heptanes to give
the product as a yellow oil (2.239 g, 60%): LC purity 96%
(ret. time, 2.18 min); "H NMR (500 MHz, CDCl,) §,, 8.08
(dd, I=7.1, 2.5 Hz, 1H), 7.67 (ddd, J=8.7, 4.1, 2.5 Hz, 1H),
7.23 (dd, J=10.6, 8.8 Hz, 1H), 3.41 (s, 2H), 3.33 (s, 3H), 1.37
(s, 6H).

Step 8: 1-Azido-4-(1-methoxy-2-methylpropan-2-
y)-2-nitrobenzene

0N OMe

N3

Fluoro-4-(1-methoxy-2-methylpropan-2-yl)-2-nitroben-
zene (2.227 g, 9.80 mmol) was dissolved in DMF (25 ml) and
sodium azide (1.274 g, 19.6 mmol) was added at r.t. and the
reaction stirred overnight. The reaction was quenched with
water (75 ml) and the mixture was extracted with TBME
(3x75 ml). The combined organic layers were dried over
MgSO,, filtered and concentrated in vacuo to give the crude
product. The product was purified by silica flash column
chromatography using between 100% heptane to 15%
EtOAc:85% heptane as eluent to give the product as a yellow
0il (2.301 g, 75%, 80% pure): LC purity 79% (ret. time, 2.15
min); '"HNMR (500 MHz, CDCl,) 8,,7.97 (d, J=2.2 Hz, 1H),
7.66 (dd, J=8.5,2.2 Hz, 1H), 7.33-7.22 (m, 1H), 3.40 (s, 2H),
3.33 (s, 3H), 1.36 (s, 6H).

Step 9: 4-(1-Methoxy-2-methylpropan-2-yl)benzene-
1,2-diamine

H,N OMe

H,N

Azido-4-(1-methoxy-2-methylpropan-2-yl)-2-nitroben-
zene (1.102 g, 3.52 mmol) was dissolved in EtOH (30 ml) and
Pd/C (10% wt.) (0.110 g, 10% wt.) was added. The reaction
was purged 3 times with N, then 3 times with H, and the
reaction stirred at r.t. overnight. The mixture was filtered
through Celite and the filtrate was concentrated in vacuo to
give the crude product. The product was purified by silica
flash column chromatography using between 100% heptane
to 100% EtOAc as eluent to give the product as a pale brown
oil which solidified into a dark orange solid (0.481 g, 63%,
90% pure): MS (ESI*) for C,;H,{N,O m/z 195.1 [M+H]*;
LC purity 87% (ret. time, 0.99 min); "H NMR (500 MHz,
CDCl,) 9, 6.65 (dd, J=11.2, 1.9 Hz, 2H), 6.58 (d, J=7.9 Hz,
1H), 3.26 (s, 2H), 3.24 (s, 3H), 1.20 (s, 6H).
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Step 10: 3-[3-({[(3aR,4R,6R,6aR)-6-(6-Amino-9H-
purin-9-y1)-2,2-dimethyl-tetrahydro-2H-furo[3,4-d]
[1,3]dioxol-4-yl]methyl} (methyl)amino)cyclobutyl]-
N-[2-amino-4-(1-methoxy-2-methylpropan-2-yl)
phenyl]|propanamide

MeO NH,

e}

1y,

O

3-[3-({[(3aR,4R,6R 6aR)-6-(6-Amino-9H-purin-9-y1)-2,

2-dimethyl-tetrahydro-2H-furo[3,4-d][ 1,3]dioxol-4-y1|me-
thyl} (methyl)amino)cyclobutyl]propanoic acid (0.620 g,
1.39 mmol), 4-(1-methoxy-2-methylpropan-2-yl)benzene-1,
2-diamine (0.466 g, 2.08 mmol, 87% pure), EDC.HCI (0.532
g, 2.78 mmol) and OXYMA (ethyl-cyano(hydroxyimino)ac-
etate) (0.395 g, 2.78 mmol) were added to a flask with a stirrer
then purged with N,. Dry DCM (22 ml) and dry Et;N (1.2 ml,
8.33 mmol) were added at r.t. and the reaction left overnight.
The reaction was quenched by the addition of sat. NaHCO,
solution (25 ml) and the organic layer separated. The aqueous
layer was extracted with DCM (2x25 ml) and the combined
organic layers were dried over MgSO,, filtered and concen-
trated in vacuo to give the crude product. The product was
purified by silica flash column chromatography using first
100% EtOAc to elute the dianiline then between 100% DCM
to 20% 2M NH; in MeOH:80% DCM as eluent to give the
product as a brown oil (1.081 g, quant.): MS (ESI") for
C;,H, N Os nv/z 623.4 [M+H]*; LC purity 98% (ret. time,
1.36 min); "H NMR (500 MHz, CDCl,) 8,,8.39 (d, ]=7.8 Hz,
1H), 7.99 (s, 1H), 7.42-7.30 (m, 1H), 7.24-7.00 (m, 1H),
6.96-6.81 (m, 1H), 6.12 (d,J=12.6 Hz, 1H), 5.77 (d, J=6.7 Hz,
1H), 5.63 (d, J=5.0 Hz, 1H), 5.14-4.93 (m, 1H), 4.60-4.31 (m,
1H), 4.28-3.69 (m, 2H), 3.48-3.03 (m, SH), 2.65-2.48 (m,
1H), 2.46-2.33 (m, 1H), 2.34-2.10 (m, 7H), 2.10-1.98 (m,
1H), 2.00-1.66 (m, 4H), 1.62 (d, J=15.7 Hz, 13H), 1.44 (d,
J=6.5 Hz, 4H), 1.30 (t, I=3.3 Hz, 7H), 1.12 (d, J=52.3 Hz,
1H).
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Step 11: 9-[(3aR,4R,6R,6aR)-6-{[(3-{2-[5-(1-Meth-
oxy-2-methylpropan-2-y1)-1H-1,3-benzodiazol-2-yl]
ethyl}cyclobutyl)(methyl)amino]methyl}-2,2-dim-
ethyl-tetrahydro-2H-furo[3,4-d][1,3]dioxol-4-y1]-
9H-purin-6-amine

==

360
3-[3-({[(3aR,4R,6R ,6aR)-6-(6-Amino-9H-purin-9-yl)-2,
2-dimethyl-tetrahydro-2H-furo[3,4-d][1,3]dioxo0l-4-y1l|me-
thyl} (methyl)amino)cyclobutyl]-N-[2-amino-4-(1-meth-
oxy-2-methylpropan-2-yl)phenyl|propanamide (1.036 g,
1.66 mmol) was dissolved in AcOH (17 ml) and heated to 50°

e
e Y

A%

-

o

C. for 5 h. The reaction was concentrated in vacuo and the
residue was dissolved in DCM (75 ml) and sat. NaHCO,
solution (75 ml) was added. The organic layer was separated
and the aqueous layer was extracted with DCM (2x75 ml).
The combined organic layers were dried over MgSO,,, filtered
and concentrated in vacuo to give the crude product as a dark
orange oil (0.850 g, 94%). The product was purified using
neutral prep-HPLC to give the product as a pale yellow oil
(0.485 g, 47%, 88% pure): MS (EST*) for C;,H,,N;O, m/z
605.4 [M+H]*; LC purity 88% (ret. time, 1.25 min); "H NMR
(500 MHz, CDCl,) d,,10.44 (dd, J=207.7,22.9 Hz, 1H), 8.41
(d, I=17.1 Hz, 1H), 8.16 (d, J=13.8 Hz, 1H), 7.89-7.58 (m,
1H), 7.54-7.29 (m, 2H), 6.15 (d, J=10.9 Hz, 1H), 5.92-5.56
(m, 3H), 4.98 (d, J=12.5 Hz, 1H), 4.76-4.39 (m, 1H), 3.47 (d,
J=6.2 Hz, 2H), 3.33 (d, J=4.8 Hz, 3H), 2.98-2.43 (m, 4H),
2.42-2.00 (m, 6H), 1.99-1.88 (m, 2H), 1.77-1.66 (m, 1H),
1.64 (s, 3H), 1.61-1.48 (m, 1H), 1.44 (d, J=8.1 Hz, 3H), 1.40
(d, J=79 Hz, 6H), 1.28 (dd, J=16.0, 9.0 Hz, 1H).
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Step 12: (2R,3R,4S,5R)-2-(6-Amino-9H-purin-9-yl)-
5-{[(3-{2-[5-(1-methoxy-2-ethylpropan-2-y1)-1H-1,
3-benzodiazol-2-yl]ethyl}cyclobutyl)(methyl)amino]
methyl }oxolane-3,4-diol

MeO

9-[(3aR 4R,6R,6aR)-6-{[(3-{2-[5-(1-Methoxy-2-methyl-
propan-2-yl)-1H-1,3-benzodiazol-2-yl]ethyl }cyclobutyl)
(methyl)amino]methyl}-2,2-dimethyl-tetrahydro-2H-furo
[3,4-d][1,3]dioxol-4-y1]-9H-purin-6-amine (0.485 g, 0.706
mmol, 88% pure) was dissolved in MeOH (20 ml) and conc.
HCl (4.9 ml, 10 vol) was added at r.t. and the reaction left for
2.5 h. The reaction was concentrated in vacuo and the residue
dissolved in the minimum amount of MeOH (~2 ml). The
reaction was quenched by addition of sat. NaHCO; solution
(10 ml) and EtOAc (30 ml). The layers were separated and the
aqueous layer was extracted with EtOAc (2x30 ml). The
combined organic layers were dried over MgSO,,, filtered and
concentrated in vacuo to give the crude product. The product
was purified by silica flash column chromatography using
between 100% DCM and 20% 2M NH; in MeOH:80% DCM
as eluent to give the product as a white foam (0.213 g, 53%):
MS (EST") for C,H,oN O, m/z 565.4 [M+H]*; LC purity
100% (ret. time, 2.11 min) (7 min); *H NMR (500 MHz,
d,-MeOD) §,,8.28 (d, J=4.1 Hz, 1H), 8.22 (d, J=3.2 Hz, 1H),
7.51 (s, 1H), 7.42 (dd, J=8.5,2.1 Hz, 1H), 7.29 (dd, J=8.5,1.5
Hz, 1H), 6.01 (t, J=3.9 Hz, 1H), 4.84-4.74 (m, 1H), 4.41-4.29
(m, 1H), 4.29-4.19 (m, 1H), 3.48 (s, 2H), 3.30 (s, 3H), 3.14-
2.98 (m, 1H), 2.99-2.89 (m, 1H), 2.90-2.73 (m, 2H), 2.39 (s,
3H), 2.37-2.30 (m, 1H), 2.28-2.10 (m, 2H), 2.08-1.86 (m,
4H), 1.70-1.51 (m, 1H), 1.38 (s, 6H).

Compound 69: (1R,25,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-

butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)cyclopentane-1,2-diol

H_ N HCHO, HOAc
N NaBH3CN,
MeOH, t, 2 h
_—

MeO (6]
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-continued
NHDMB

N

w

1. 90%
TFA,
35°C,
1h

—_—

2. K2C03,

MeOH,
H20, 1t

/

N

(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)

amino)methyl)cyclopentane-1,2-diol

'H NMR (500 MHz, MeOD): 8, 8.06 (s, 1H), 7.47 (brs,
1H), 7.38 (d, I=8.0 HZ, 1H), 7.27 (d, J=8.0 Hz, 1H), 7.19 (s,
1H), 6.60 (s, 1H), 4.32 (s, 1H), 3.88 (s, 1H), 2.80 (brs, 2H),
2.68 (brs, 1H), 2.49-2.10 (m, 9H), 1.90 (brs, 2H), 1.62-1.49
(m, 3H), 1.35 (s, 9H) ppm; ESI-MS (m/z): 532.3 [M+1]".

benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-yl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-yl)methyl)amino)cyclobutyl)propanoate

A solution of 7-((3aR,4R,6R,6aR)-6-(aminomethyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (20
g,43.91 mmol), benzyl 3-(3-oxocyclobutyl)propanoate (12.2
g, 52.69 mmol) and HOAc (15 mL) in DCE (200 mL) was
stirred at 30° C. for 3 h. NaBH(OAc), (18.6 g, 87.81 mmol)
was added and the reaction mixture was stirred at 30° C. for
another 1 h. The mixture was washed with water (100 m[.x2)
and brine (100 mL), dried over Na,SO,, filtered and concen-
trated. The residue was purified by silica gel column chroma-
tography using EA:DCM:MeOH=10:10:1 as eluent to afford
the desired compound (21 g, yield: 65%, cis/trans=52/47) as
a yellow solid. *"H NMR (500 MHz, MeOD): d,, 8.16 (brs,
1H),7.36-7.29 (m, 5H),7.22 (d,J=3.5Hz, 1H), 7.15(d, J=8.5
Hz, 1H), 6.66 (brs, 1H), 6.54 (d, J=2.0 Hz, 1H), 6.43 (dd,
J=8.5and 2.0Hz, 1H), 6.20 (brs, 1H), 5.41-5.39 (m, 1H), 5.08
(d, J53.0 Hz, 1H), 4.99-4.95 (m, 1H), 4.66 (s, 2H), 4.30-4.25
(m, 1H), 3.83 (s, 3H), 3.76 (s, 3H), 3.38-3.35 (m, 0.5H),
3.11-3.06 (m, 0.5H), 2.92-2.82 (m, 2H), 2.29-2.18 (m, 3H),
2.12-2.05 (m, 0.5H), 1.90-1.68 (m, 4H), 1.63-1.61 (m, 1H),
1.60 (s, 3H), 1.38 (s, 3H), 1.35-1.28 (m, 0.5H), 1.25 (t, I=6.5
Hz, 2H), 1.15-1.12 (m, 0.5H) ppm; ESI-MS (negative mode,
m/z): 670.3 [M-1]".
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benzyl 3-(3-((((3 aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-y1)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)
propanoate

A mixture of benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
yD)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)me-
thyDamino)cyclobutyl)propanoate (4 g, 5.95 mmol),
2-iodopropane (6 g, 35.72 mmol) and K,CO; (2.5 g, 17.86
mmol) in CH,CN (50 mL) was stirred at reflux for 2 days. The
mixture was cooled to rt, filtered and the filtered cake was
washed with CH;CN (20 mL). The filtrate was concentrated
and the residue was purified by Combi-Flash (80 g silica gel,
start EA:DCM:MeOH=10:10:0 to 10:10:1 by gradient, 60
ml./min, 40 min, 2.4 L total solvent volume) to afford the
desired compound (3 g, yield: 71%) as a yellow solid. 'H
NMR (500 MHz, MeOD): §,,8.15 (s, 1H), 7.38-7.29 (m, SH),
7.19(d, J=4.0Hz, 1H), 7.14 (d, J=8.0 Hz, 1H), 6.65 (d, I=3.0
Hz, 1H), 6.53 (d, J=2.0 Hz, 1H), 6.41 (dd, J=8.5 and 2.0 Hz,
1H), 6.20 (d, J=2.5 Hz, 1H), 5.36-5.32 (m, 1H), 5.09 (s, 1H),
5.07 (s, 1H), 4.94-4.89 (m, 3H), 4.65 (s, 2H), 4.17-4.14 (m,
1H),3.82(s,3H),3.75 (s,3H),3.41-3.35 (m, 0.5H), 3.04-2.95
(m, 0.5H), 2.94-2.86 (m, 1H), 2.72-2.52 (m, 2H), 2.25 (t,
J=7.5 Hz, 1H), 2.21 (t, J=8.0 Hz, 1H), 2.05-1.90 (m, 2H),
1.90-1.82 (m, 0.5H), 1.76-1.70 (m, 0.5H), 1.65-1.55 (m, 5H),
1.42-1.34 (m, 4H), 0.95 (d, J=6.5 Hz, 3H), 0.83-0.80 (m, 3H)
ppm; ESI-MS (m/z): 714.4 [M+1]".

3-(3-((((3 aR,4R,6R,6aR)-6-(4-((2,4-dimethoxyben-
zyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-y1)-2,2-

dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y])me-
thyl)(isopropyl)amino)cyclobutyl)propanoic acid

To a solution of benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(4-((2,
4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
yD)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)me-
thyl)(isopropyl)amino)cyclobutyl)propanoate (2.7 g, 3.78
mmol) in THF/MeOH (15 mL/15 ml.) was added a solution
of LiIOH.H,O (1.6 g, 37.82 mmol) in water (5 mL). The
mixture was stirred at 30° C. for 2 h. The volatiles were
removed under reduced pressure. To the residue was diluted
with water (10 mL) and extracted with EA (15 mLx2). The
suspension water layers were adjusted to pH=3-4 with 1 N
HCI solution and extracted with EA (30 mLx3). The com-
bined organic layers were washed with brine (50 in L.). The
organic phase was dried over Na,SO,, filtered and concen-
trated to afford the desired compound as a yellow solid (2.9
g). '"H NMR (500 MHz, MeOD): 8, 8.20 (s, 1H), 7.92 (s,
0.5H),7.38-7.32 (m, 3H), 7.28-7.23 (m, 1.5H), 7.14 (d, J=8.5
Hz, 1H), 6.68 (brs, 1H), 6.56 (d, J=2.0 Hz, 1H), 6.44 (d, J=8.5
Hz, 1H), 6.25 (s, 1H), 5.51-5.47 (m, 1H), 5.18-5.13 (m, 1H),
4.66 (s, 2H), 4.61 (s, 1H), 4.43-4.40 (m, 1H), 3.96-3.90 (m,
0.5H), 3.85 (s, 3H), 3.77 (s, 3H), 3.65-3.58 (m, 0.5H), 3.50-
3.40 (m, 2H), 2.46-2.36 (m, 1H), 2.20-2.00 (m, 4H), 1.98-
1.70 (m, 2.5H), 1.70-1.58 (m, 4.5H), 1.40 (s, 3H), 1.18 (d,
J=5.0 Hz, 3H), 0.90 (t, J=6.0 Hz, 3H) ppm; ESI-MS (m/z):
6243 [M+1]".

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((((3aR,4R,
6R,6aR)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-
pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahy-
drofuro[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)
amino)cyclobutyl)propan amide

To a solution of 3-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
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y1)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)me-
thyl)(isopropyl)amino)cyclobutyl)propanoic acid (2.7 g,
4.33 mmol), 4-(trifluoromethoxy)benzene-1,2-diamine (1.23
g, 6.49 mmol), HATU (2.5 g, 6.49 mmol) and HOAT (0.88 g,
6.49 mmol) in DCM (30 mL) was added TEA (1.8 mL,, 12.99
mmol). The mixture was stirred at rt for 2 h. The mixture was
added DCM (70 mL) and washed with water (20 m[.x2) and
brine (50 mL). The organic phase was dried over Na,SO,,
filtered and concentrated. The residue was purified by Combi-
Flash (80 g silica gel, start EA:DCM:MeOH=10:10:0 to
10:10:2 by gradient, 60 mL/min, 40 min, 2.4 L total solvent
volume) to afford to afford the desired compound (2.2 g,
yield: 67% (two steps) as a brown solid. "H NMR (500 MHz,
MeOD): §,,8.21 (s, 1H), 7.28-7.12 (m, 3H), 6.73 (brs, 1H),
6.69 (brs, 1H), 6.56-6.52 (m, 2H), 6.42 (dd, J=8.0 and 2.5 Hz,
1H), 6.26 (d, I=1.5Hz, 1H), 5.48 (d, J=6.0 Hz, 1H), 5.20-5.16
(m, 1H), 4.66 (s, 2H), 4.46-4.42 (m, 1H), 4.08-3.98 (m, 0.5H),
3.84 (s,3H),3.76 (s, 3H), 3.75-3.69 (m, 0.5H), 3.60-3.38 (m,
2H), 2.60-2.30 (m, 3H), 1.92-1.86 (m, 1H), 1.80-1.70 (m,
1H), 1.59 (d, J=3.5 Hz, 3H), 1.40 (s, 3H), 1.25 (t, J=7.5 Hz,
3H),), 1.00-0.80 (m, 2H) ppm; ESI-MS (m/z): 798.3 [M+1]".

N-(2,4-dimethoxybenzyl)-7-((3aR,4R,6R,6aR)-6-
((isopropyl(3-(2-(5-(trifluoromethoxy)-1H-benzo[d]
imidazol-2-yl)ethyl)cyclobutyl)amino)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][ 1,3]dioxol-4-y1)-7H-
pyrrolo[2,3-d|pyrimidin-4-amine

A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-(3-
((((3aR,4R,6R,6aR)-6-(4-((2,4-dimethoxybenzyl )Jamino)-
7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)amino)
cyclobutyl)propanamide

(2.2 g,2.5mmol) in HOAc (20 mL) was stirred at 65° C. for
5 h. The mixture was cooled to rt and concentrated. The
residue was dissolved in DCM (50 mL), washed with 15%
Na,CO, solution (20 mLx2), water (20 mL) and brine (30
mL). The organic phase was dried over Na,SO,, filtered and
concentrated. The residue was purified by Combi-Flash (80 g
silica gel, start EA:DCM:MeOH=10:10:0 to 10:10:2 by gra-
dient, 60 ml/min, 35 min, 2.1 L total solvent volume) to
afford to afford the desired compound (1.4 g) as a brown
solid, which was separated by chiral HPLC to afford cis-
isomer (600 mg, yield: 28%) and the trans isomer (480 mg,
yield: 22%).

cis-isomer: 'H NMR (500 MHz, MeOD): 8, 8.17 (s, 1H),
7.52 (d, J=9.0 Hz, 1H), 7.39 (s, 1H), 7.20 (d, J=4.0 Hz, 1H),
7.12(d,J=8.0Hz, 1H), 6.68 (brs, 1H), 6.49 (d, J=2.5 Hz, 1H),
6.39 (dd, J=8.5 and 2.0 Hz, 1H), 6.19 (d, J=2.0 Hz, 1H), 5.35
(dd, J=6.0 and 2.0 Hz, 1H), 4.68-4.60 (m, 2H), 4.18-4.13 (m,
1H), 3.78 (s, 3H), 3.73 (s, 3H), 3.10-3.02 (m, 1H), 2.95-2.88
(m, 1H),2.78-2.72 (m, 2H), 2.69-2.57 (m, 2H), 2.12-2.02 (m,
2H), 1.86-1.76 (m, 2H), 1.57 (s, 3H), 1.52-1.40 (m, 2H), 1.37
(s, 3H), 0.96 (d, I=6.5 Hz, 3H), 0.82 (d, J=6.5 Hz, 3H) ppm;
ESI-MS (/z): 780.4 [M+1]™.

trans-isomer: 'H NMR (500 MHz, MeOD): §,, 8.15 (s,
1H), 7.52 (d, J=9.0 Hz, 1H), 7.40 (s, 1H), 7.20 (d, J=3.5 Hz,
1H),7.12 (d, J=8.0 Hz, 1H), 6.68 (brs, 1H), 6.51 (d, J=2.0 Hz,
1H), 6.40 (dd, J=8.0 and 2.5 Hz, 1H), 6.20 (d, J=2.5 Hz, 1H),
5.35 (dd, J=6.0 and 2.0 Hz, 1H), 4.64 (s, 2H), 4.20-4.16 (m,
1H), 3.82 (s, 3H), 3.73 (s, 3H), 3.50-3.42 (m, 1H), 2.95-2.90
(m, 1H), 2.80 (t, I=6.0 Hz, 2H), 2.75-2.58 (m, 2H), 2.12-1.95
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(m, 4H), 1.75-1.65 (m, 2H), 1.58 (s, 3H), 1.38 (s, 3H), 0.97 (d,
J=6.5 Hz, 3H), 0.83 (d, J=6.5 Hz, 3H) ppm; ESI-MS (m/z):
780.4 [M+1]*.

Compound 70: (1R,28,3R,5R)-3-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)cyclopentane-1,2-diol

NH,
N /
N
(I
NN
Sy
HO DH

methyl 3-((1R,3s)-3-((((3aR,4R,6R,6aS)-6-(4-((2,4-

dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-

din-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[ d]

[1,3]dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)
propanoate

A solution of methyl 3-((1R,3s)-3-((((32R,4R,6R,6aS)-6-
(4-((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyri-
midin-7-yl1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]
dioxol-4-yl)methyl)amino)cyclobutyl)propanoate (1.85 g,
3.12 mmol) and NaBH,CN (590 mg, 9.36 mmol) in MeOH
(25 mL) was adjusted pH=6 with AcOH, then formaldehyde
(936 mg, 31.2 mmol) added. The reaction was stirred at 25° C.
overnight. The reaction was quenched with sat. NaHCO; (5
ml), evaporated, added water (10 mL), extracted with DCM
(150 mL.x3), washed with brine (80 mL), dried and concen-
trated. The residue was purified by SGC to obtain the desired
compound (1.85 g, Yield 97%) as white solid. "H NMR (500
MHz, MeOD): §,,8.12 (s, 1H), 7.22 (d, J=3.5 Hz, 1H), 7.14
(d, J=8.5 Hz, 1H), 6.64 (d, J=3.0 Hz, 1H), 6.55 (d, J=2.5 Hz,
1H), 6.44 (dd, J=8.5 and 2.5 Hz, 1H), 5.01-4.98 (m, 2H), 4.65
(s, 2H), 4.60-4.58 (m, 1H), 4.30 (s, 1H), 3.84 (s, 3H), 3.76 (s,
3H), 3.66 (s, 3H), 3.44-3.38 (m, 1H), 2.80-2.73 (m, 2H),
2.48-2.43 (m, 4H), 2.32 (t,J=7.5 Hz, 2H), 2.20-2.16 (m, 4H),
1.95-1.94 (m, 2H), 1.82-1.81 (m, 2H), 1.56 (s, 3H), 1.31 (s,
3H) ppm; ESI-MS (m/z): 608.3 [M+1]".

3-((1R,35)-3-((((3aR,4R,6R 6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[ d]
[1,3]dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)
propanoic acid

A solution of methyl 3-((1R,3s)-3-((((32R,4R,6R,6aS)-6-
(4-((2,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyri-
midin-7-yl1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]
dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)propanoate

(1.85 g, 3.04 mmol) and LiOH (382 mg, 15.24 mmol) in
THF/MeOH/H,O (1:1:1, 30 mL) were stirred at 50° C. for 2
h. The reaction was concentrated to obtain the desired com-
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pound (2.25 g, salt, purity 85%) as white solid. The crude was
used directly next step without further purification. 'H NMR
(500 MHz, MeOD): 3., 8.11 (s, 1H), 7.92 (s, 1H), 7.30 (d,
J=3.0Hz, 1H),7.14 (d, J=8.0 Hz, 1H), 6.67 (d, J=3.0 Hz, 1H),
6.54 (d, 1=2.0 Hz, 1H), 6.44 (dd, J=10.0 and 2.5 Hz, 1H),
5.05-5.03 (m, 2H), 4.73 (d, J=6.0 Hz, 1H), 4.65 (s, 2H),
3.90-3.85 (m, 1H), 3.85 (s, 3H), 3.77 (s, 3H), 3.30-3.18 (m,
2H), 2.82 (s, 3H), 2.65-2.55 (m, 1H), 2.53-2.46 (m, 3H),
2.27-2.20 (m, 3H), 2.12-2.11 (m, 2H), 1.83-1.82 (m, 2H),
1.57 (s, 3H), 1.32 (s, 3H) ppm; ESI-MS (m/z): 594.3 [M+1]".

N-(2-amino-4-(tert-butyl)phenyl)-3-((1R,3s)-3-((((3
aR,4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)amino)-
7H-pyrrolo| 2,3-d]pyrimidin-7-y1)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)
(methyl)amino)cyclobutyl)propanamide

A solution of3-((1R,3s)-3-((((32R,4R,6R,6a8)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
y1)-2,2-dimethyltetrahydro-3aH-cyclopenta[d][ 1,3]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoic acid (2.25
g, 3.8 mmol) HOAt (680 mg, 5 mmol) and HATU (19 g, 5
mmol) in DCM (60 mL) was stirred at room temperature for
1 h, then 4-tert-butylbenzendiamine (656 mg, 4 mmol) and
TEA (1.21 g, 12 mmol)in DCM (3 mL) were added dropwise.
The reaction was stirred at rt overnight. The reaction was
added water (20 mL) and DCM (60 mL), extracted with DCM
(60 ml.x2), washed with brine (10 mL), dried and concen-
trated. The residue was purified by SGC to obtain the desired
compound (1.1 g, Yield 46%) as yellowish solid. "H NMR
(500 MHz, MeOD): §,,8.11 (s, 1H), 7.21 (d, J=4.0 Hz, 1H),
7.13 (d, J=8.5 Hz, 1H), 6.98 (d, J=8.5 Hz, 1H), 6.92 (d, ]=2.0
Hz, 1H), 6.77 (dd, J=8.0 and 1.5 Hz, 1H), 6.64 (d, J=3.5 Hz,
1H), 6.54 (d, J=2.0 Hz, 1H), 6.43 (dd, J=8.0 and 1.5 Hz, 1H),
5.02-4.99 (m, 2H), 4.65-4.61 (m, 3H), 3.83 (s, 3H), 3.75 (s,
3H), 3.60-3.52 (m, 1H), 2.97-2.83 (m, 2H), 2.58 (s, 3H),
2.54-2.38 (m, 4H), 2.33-2.29 (m, 2H), 2.18-2.04 (m, 3H),
1.94-1.91 (m, 2H), 1.55 (s, 3H), 1.30 (s, 3H), 1.25 (s, 9H)
ppm; ESI-MS (m/z): 740.5 [M+1]*.

7-((3aS,4R,6R,6aR)-6-((((1s,3R)-3-(2-(5-(tert-bu-
tyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-
cyclopenta[d][1,3]dioxo0l-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d|pyrimidin-4-
amine

A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-((1R,
35)-3-((((3aR,4R,6R,6aS)-6-(4-((2,4-dimethoxybenzyl)
amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltet-
rahydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)methyl)
(methyl)amino)cyclobutyl)propanamide (1.1 g, 1.49 mmol)
in AcOH (8 mL) were heated to 65° C. for 3 h. The reaction
was evaporated, dissolved in MeOH (5 mL) adjusted pH=8
with saturated NaHCO; solution, concentrated and purified
by Prep-TLC to obtain the desired compound (620 mg, 58%)
as white solid. 'H NMR (500 MHz, MeOD): 8, 8.10 (s, 1H),
7.48 (brs, 1H), 7.38 (brs, 1H), 7.28 (d, J=8.5Hz, 1H), 7.21 (d,
J=3.0Hz, 1H),7.13 (d, J=8.5Hz, 1H), 6.62 (brs, 1H), 6.53 (s,
1H), 6.42 (d, J=8.5 Hz, 1H), 4.98-4.90 (m, 2H), 4.64 (s, 2H),
4.50 (brs, 1H), 3.83 (s, 3H), 3.75 (s, 3H), 3.01-2.98 (m, 1H),
2.83 (d, I=7.5 Hz, 1H), 2.44-2.34 (m, 4H), 2.16 (s, 3H),
2.12-1.96 (m, 6H), 1.84 (t, J=7.5 Hz, 2H), 1.53 (s, 3H), 1.36
(s, 9H), 1.28 (s, 3H) ppm; ESI-MS (m/z): 722.4 [M+1]*.
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(1R,28,3R,5R)-3-(4-amino-7H-pyrrolo[2,3-d]|pyri-
midin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)
amino)methyl)cyclopentane-1,2-diol

A solution of 7-((3aS,4R,6R,6aR)-6-((((1s,3R)-3-(2-(5-
(tert-butyl)-1H-benzo[ d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)-2,2-dimethyltetrahydro-3aH-cyclo-
penta[d][1,3]dioxol-4-y])-N-(2,4-dimethoxybenzyl)-7H-
pyrrolo[2,3-d|pyrimidin-4-amine (620 mg, 0.86 mmol) in
TFA (5ml., 90%) was stirred at 25° C. for 1 hour. The reaction
was concentrated to dryness, dissolved in MeOH (5 mL) and
adjusted pH=8 with saturated K,CO, solution. The mixture
was stirred at rt for 0.5 h. Then the reaction was concentrated
to obtain the residue. The residue was purified by Prep-HPLC
to obtain the desired compound (330 mg, Yield 73%) as white
solid. "H NMR (500 MHz, MeOD): §,, 8.07 (s, 1H), 7.49 (d,
J=1.5Hz, 1H), 7.40 (d, J=11.0 Hz, 1H), 7.29 (dd, J=11.0 and
2.5 Hz, 1H), 7.21 (d, J=5.0 Hz, 1H), 6.60 (d, J=4.0 Hz, 1H),
4.92-4.89 (m, 1H), 4.33 (dd, J=9.5 and 8.5 Hz, 1H), 3.90 (d,
J=5.5 Hz, 1H), 3.03-2.99 (m, 1H), 2.85 (d, J=9.5 Hz, 1H),
2.50-2.22 (m, 4H), 2.16 (s, 3H), 2.15-1.98 (m, SH), 1.88 (t,
J=10.0 Hz, 2H), 1.68-1.59 (m, 1H), 1.37 (s, 9H) ppm; ESI-
MS (m/z): 532.3 [M+1]*.

Compound 71: (2R,3R,48,5R)-2-(6-amino-9H-pu-

rin-9-y1)-5-((((1r,38)-3-(2-(5-(tert-butyl)-1H-benzo

[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)
methyl)tetrahydrofuran-3,4-diol

NH,
N /
N
()
NN
\N
HO\: "’OH

=z

A mixture of cis-9-((3aR,4R,6R,6aR)-6-((((1r,35)-3-(2-
(5-(tert-butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)-2,2-dimethyltetrahydrofuro|3,4-d]
[1,3]dioxol-4-y1)-9H-purin-6-amine (920 mg, 1.60 mmol) in
3 M HCI/MeOH (20 mL) was stirred at 35° C. for 2 h and
evaporated to dryness. The residue was dissolved in MeOH
(15 mL) and saturated K,CO; solution was added to adjust
the solution to pH 8. Then, the mixture was stirred for 5 min
and filtered. The filtrate was concentrated and the crude was
purified by Prep-HPLC to obtain the target (400 mg, yield:
47%) as a white solid. "H NMR (500 MHz, MeOD): §,, 8.27
(s, 1H), 8.20 (s, 1H), 7.47 (s, 1H), 7.47 (s, 1H), 7.40-7.37 (m,
1H), 7.29-7.26 (m, 1H), 5.98 (d, J=4.5 Hz, 1H), 4.69 (1, I=4.5
Hz, 1H), 4.24-4.20 (m, 1H), 4.18-4.15 (m, 1H), 2.81-2.76 (m,
2H), 2.75-2.69 (m, 1H), 2.67-2.62 (m, 2H), 2.25-2.18 (m,
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1H), 2.14 (s, 3H), 1.90-1.85 (m, 3H), 1.49-1.41 (m, 2H), 1.36
(s, 9H) ppm; ESI-MS (n/z): 535.3 [M+1]*.

Compound 72: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-y1)-5-((((1s,3R)-3-(2-(5-(tert-butyl)-1H-benzo
[d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)amino)
methyl)tetrahydrofuran-3,4-diol

A mixture of trans-9-((3aR,4R,6R,6aR)-6-((((1r,38)-3-(2-
(5-(tert-butyl)-1H-benzo[ d]imidazol-2-yl)ethyl)cyclobutyl)
(methyl)amino)methyl)-2,2-dimethyltetrahydrofuro[3,4-d]
[1,3]dioxo0l-4-y1)-9H-purin-6-amine (420 mg, 0.73 mmol) in
3 M HCI/MeOH (20 mL) was stirred at 35° C. for 2 h and
evaporated to dryness. The residue was dissolved in MeOH
(15 mL) and saturated K,COj; solution was added to adjust
the solution to pH 8. Then, the mixture was stirred for 5 min
and filtered. The filtrate was concentrated and the crude was
purified by Prep-HPLC to obtain the target (198 mg, yield:
51%) as a white solid. 'H NMR (500 MHz, MeOD): §,, 8.28
(s, 1H), 8.19 (s, 1H), 7.48 (s, 1H), 7.38 (d, J=8.0 Hz, 1H),
7.28-7.26 (m, 1H), 5.98 (d, J=4.0 Hz, 1H), 4.69 (t, J=5.5 Hz,
1H), 4.23 (t,J=5.0 Hz, 1H), 4.19-4.16 (m, 1H), 3.06-3.03 (m,
1H), 2.80 (t, J=7.5 Hz, 2H), 2.68-2.64 (m, 2H), 2.16 (s, 3H),
2.09-1.95 (m, 5H), 1.85-1.80 (m, 2H), 1.36 (s, 9H) ppm;
ESI-MS (/z): 535.3 [M+1]".

Benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrotfuro|3,4-d][ 1,3]
dioxol-4-yl)methyl)(ethyl)amino)cyclobutyl)pro-
panoate

To a mixture of benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)amino)cyclobutyl)propanoate (3.76 g,
7.2 mmol) and NaBH,CN (5.9 g, 93.6 mmol) in MeOH (40
ml.) was added AcOH to adjust to pH=6. Then, 40% MeCHO
(8.7mL, 122.5 mmol) was added and the mixture was stirred
at30° C. for 1.5 h. Water (15 mL) was added and the mixture
was concentrated in vacuo. Then, the mixture was extracted
with DCM (30 mLx3). The combined organic phase was
washed with brine, dried over Na,SO,, filtered and concen-
trated. The crude was purified by SGC (DCM: MeOH=100:
1-20:1)to obtain the target (2.6 g, yield: 66%) as a white solid.
'"HNMR (500 MHz, MeOD): 8, 8.26 (s, 1H), 8.23 (m, 1H),
7.37-7.28 (m, SH), 6.24 (s, 1H), 5.52-5.49 (m, 1H), 5.10-5.06
(m, 3H), 4.41-4.40 (m, 1H), 3.20-2.90 (m, 2H), 2.80-2.60 (m,
2H), 2.12-1.77 (m, 4H), 1.74-1.60 (m, 3H), 1.39 (s, 3H),
1.26-1.22 (m, 3H), 0.94-0.89 (m, 3H) ppm; ESI-MS (m/z):
551.3 [M+1]".
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3-(3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-purin-9-
yD)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-
yDmethyl)(ethyl)amino)cyclobutyl)propanoic acid

To a solution of Benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(ethyl)amino)cyclobutyl)propanoate
(2.6 g, 4.73 mmol) in MeOH (40 mL) was added 10% Pd/C
(2.3 g) and the mixture was stirred under H, atmosphere at
50° C. for 20 h. The mixture was filtered and the filtrate was
concentrated to obtain the target (2 g, yield: 92%) as a white
solid. *H NMR (500 MHz, MeOD): §,, 8.27 (s, 1H), 8.25 (5,
1H), 6.30 (s, 1H), 5.52-5.49 (m, 1H), 5.14-5.12 (m, 1H),
4.51-4.47 (m, 1H), 3.43-3.36 (m, 2H), 3.22-3.15 (m, 1H),
2.94-2.89 (m, 2H), 2.28-2.05 (m, 4H), 1.96-1.80 (m, 2H),
1.74-1.69 (m, 1H), 1.65-1.59 (m, 5H), 1.41-1.36 (m, 4H),
1.03-0.99 (m, 3H) ppm; ESI-MS (n/z): 461.3 [M+1]*.

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((((3aR,4R,
6R,6aR)-6-(6-amino-9H-purin-9-yl)-2,2-dimethyltet-
rahydrofuro[3,4-d][1,3]dioxol-4-y])methyl)(ethyl)
amino)cyclobutyl)propanamide

To a solution of 3-(3-((((32R,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(ethyl)amino)cyclobutyl)propanoic acid (2 g,
4.35 mmol), HOAT (768 mg, 5.65 mmol), HATU (2.2 g, 5.65
mmol) and TEA (3 mL, 21.3 mmol) in DCM (40 mL) was
added 4-tert-butylbenzene-1,2-diamine (785 mg, 4.79 mmol)
and the mixture was stirred at rt for 2 h. Water (15 mL) was
added and the mixture was extracted with DCM (30 m[.x2).
The combined organic phase was washed with H,O (20
ml.x2). The combined organic layers were dried over
Na,SO,, filtered and concentrated. The crude was purified by
SGC (DCM: MeOH-70:1-20:1) to obtain the target (1.6 g,
yield: 61%) as a white solid. "H NMR (500 MHz, MeOD): §,,
8.28-8.27 (m, 1H), 8.24-8.23 (m, 1H), 7.10-6.92 (m, 2H),
6.81-6.76 (m, 1H), 6.22 (s, 1H), 5.54-5.52 (m, 1H), 5.03 (s,
1H), 4.36 (s, 1H), 3.03-2.50 (m, 5H), 2.32-2.26 (m, 2H),
2.16-1.80 (m, 4H), 1.73-1.69 (m, 2H), 1.59 (s, 3H), 1.39 (s,
3H), 1.28-1.24 (m, 9H), 0.94-0.85 (m, 3H) ppm; ESI-MS
(m/z): 607.3 [M+1]".

9-((3aR,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(ethyl)
amino)methyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,
3]dioxol-4-y1)-9H-purin-6-amine

A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-(3-
((((3aR,4R,6R ,6aR)-6-(6-amino-9H-purin-9-y1)-2,2-dim-
ethyltetrahydrofuro[3.4-d][1,3]dioxol-4-yl)methyl)(ethyl)
amino)cyclobutyl)propanamide

(1.6 g, 2.64 mmol) in AcOH (20 mL) was stirred at 65° C.
for 15 h. The solution was concentrated in vacuo and diluted
with DCM (30 mL). The mixture was washed with saturated
NaHCOj; solution (20 mL.x2) and brine (20 mL.x1). The com-
bined organic phase was dried over Na,SO,, filtered and
concentrated to obtain the target 1.5 g (vield: 97%) as a white
solid. '"H NMR (500 MHz, MeOD): §,, 8.28-8.26 (m, 1H),
8.22 (s, 1H), 7.48 (s, 1H), 7.40-7.38 (m, 1H), 7.30-7.27 (m,
1H), 6.20-6.18 (m, 1H), 5.52-5.49 (m, 1H), 5.02-4.98 (m,
1H), 4.34-4.31 (m, 1H), 2.95-2.92 (m, 1H), 2.79-2.68 (m,
4H), 2.56-2.50 (m, 2H), 2.09-1.81 (m, SH), 1.71-1.63 (m,
1H), 1.58 (s, 3H), 1.38 (s, 3H), 1.36 (s, 9H), 1.35-1.28 (m,
1H), 0.89-0.85 (m, 3H) ppm; ESI-MS (m/z): 589.3 [M+1]".

A mixture of 9-((3aR,4R,6R,6aR)-6-(((3-(2-(5-(tert-bu-
tyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(ethyl)
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amino)methyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]di-
oxol-4-y)-9H-purin-6-amine (1.35 g, 2.30 mmol) in 3 M
HCl/MeOH (20 mL) was stirred at 35° C. for 2 h and evapo-
rated to dryness. The residue was dissolved in MeOH (15 mL)
and saturated K,COj solution was added to adjust the solu-
tion to pH 8. Then, the mixture was stirred for 5 min and
filtered. The filtrate was concentrated and the crude was sepa-
rated by chiral HPL.C and purified by Prep-HPLC to obtain
the cis product (280 mg, total yield: 22%) and trans product
(150 mg, total yield: 12%) as a white solids.

Compound 73: (2R,3R,48,5R)-2-(6-amino-9H-pu-

rin-9-y1)-5-((((1r,38)-3-(2-(5-(tert-butyl)- 1H-benzo

[d]imidazol-2-yl)ethyl)cyclobutyl)(ethyl)amino)me-
thyDtetrahydrofuran-3,4-diol

—_

=z

Cis-isomer: ‘HNMR (500 MHz, MeOD): 8,,8.27 (s, 1H),
8.20 (s, 1H), 7.47 (s, 1H), 7.39-7.37 (m, 1H), 7.29-7.26 (m,
1H), 5.97 (d, I=4.5 Hz, 1H), 4.67 (t, J=5.0 Hz, 1H), 4.24 (t,
J==5.5Hz, 1H), 4.18-4.14 (m, 1H), 3.06-3.03 (m, 1H), 2.91-
2.81 (m, 2H), 2.79-2.75 (m, 2H), 2.64-2.58 (m, 2H), 2.25-
2.19 (m, 1H), 1.89-1.86 (m, 3H), 1.52-1.47 (m, 2H), 1.36 (s,
9H), 0.98 (t, J=7.0 Hz, 3H) ppm; ESI-MS (m/z): 549.3
[M+17*.

Compound 74: (2R,3R,48,5R)-2-(6-amino-9H-pu-

rin-9-y1)-5-((((1s,3R)-3-(2-(5-(tert-butyl)-1H-benzo

[d]imidazol-2-yl)ethyl)cyclobutyl)(ethyl)amino)me-
thyDtetrahydrofuran-3,4-diol
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Trans-isomer: "H NMR (500 MHz, MeOD): §, 8.28 (s,
1H), 8.20 (s, 1H), 7.48 (s, 1H), 7.39-7.37 (m, 1H), 7.29-7.26
(m, 1H), 5.97 (d, J=4.0 Hz, 1H), 4.67 (t, J=5.0 Hz, 1H), 4.24
(t, I=6.0 Hz, 1H), 4.18-4.14 (m, 1H), 3.42-3.35 (m, 1H),
2.91-2.78 (m, 4H), 2.64-2.58 (m, 2H), 2.10-2.07 (m, 3H),
1.99-1.96 (m, 2H), 1.85-1.79 (m, 2H), 1.35 (m, 9H), 0.98 (t,
J=6.5 Hz, 3H) ppm; ESI-MS (m/z): 549.3 [M+1]".

Compound 76: (2R,3R,48S,5R)-2-(4-amino-7H-pyr-

rolo[2,3-d]pyrimidin-7-y1)-5-((isopropyl((1s,3R)-3-

(2-(5-(trifluoromethoxy)-1H-benzo[ d]imidazol-2-y1)

ethyl)cyclobutyl)amino)methyl)tetrahydrofuran-3,4-
diol

F5CO

A solution of trans-N-(2,4-dimethoxybenzyl)-7-((3aR,4R,
6R,6aR)-6-((isopropyl(3-(2-(5-(triftuoromethoxy)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)methyl)-2,
2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-7H-
pyrrolo[2,3-d|pyrimidin-4-amine (480 mg, 0.62 mmol) in
90% TFA (5 mL) was stirred at 30° C. for 2 h. The volatiles
were removed under reduced pressure. To the residue was
added MeOH (6 mL) and adjusted to pH=9~10 with
NH,;.H,O. The mixture was stirred at rt for 30 min and con-
centrated. The residue was purified by Prep-HPLC to afford
the desired compound (182 mg, yield: 50%) as a white solid.
'H NMR (400 MHz, MeOD): 8,,8.09 (s, 1H), 7.52 (d, J=8.8
Hz, 1H), 7.39 (s, 1H), 7.27 (d, I=3.6 Hz, 1H), 7.12 (d, I=8.8
Hz, 1H), 6.64 (d, J=3.2 Hz, 1H), 6.11 (d, J=4.0 Hz, 1H), 4.44
(t, J=4.8 Hz, 1H), 4.12 (1, J=6.0 Hz, 1H), 4.06-4.01 (m, 1H),
3.62-3.53 (m, 1H), 3.10-3.00 (m, 1H), 2.92-2.65 (m, 4H),
2.25-2.15 (m, 2H), 2.10-1.98 (m, 3H), 1.85-1.76 (m, 2H),
1.03 (d, I=6.4 Hz, 3H), 0.98 (d, ]=6.4 Hz, 3H) ppm; '°F NMR
(400 MHz, MeOD): 6 -59.80 ppm; ESI-MS (m/z): 590.3
[M+17".
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-continued
MB NHDMB

CF3 J CF3 J
X k NNy

o) > - 0

O,

===

1. 90% TFA, 30°C., 2 h 1. 90% TFA, 30° C., 2 h
2. NH3—H20 2. NH3—H20
NH, NH,
/ Z N / Z N
CF; J CF; J
N \N N Y

Compound 77: (2R,3R,48S,5R)-2-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(2,2,2-trifluoroethyl)amino )methyl)tetrahydrofuran-

Compound 78: (2R,3R,4S,5R)-2-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)

(2,2,2-trifluoroethyl)amino )methyl)tetrahydrofuran- 40
3,4-diol 3,4-diol
NH, 45 NH,
as ad
CF; J CF; J
SR N X
o) N 50 o)
Y e
HOs ”’OH HOS ”’OH

Tz

I NMR (500 MHz, MeOD): 8, 8.09 (s, 1H), 7.48 (brs,
1H), 7.39 (d, J=10.5 Hz, 1H), 7.28 (dd, J=10.5 and 2.0 Hz,
1H), 7.21 (d, J=5.0 Hz, 1H), 6.64 (d, I=4.5 Hz, 1H), 6.12 (d,
J=6.0 Hz, 1H), 4.45 (t, 1=6.0 Hz, 1H), 4.14-4.09 (m, 2H),
3.68-3.60 (m, 1H), 3.30-3.15 (m, 2H), 3.11-3.04 (m, 1H),
(m, 3H), 3.09-3.03 (m, 1H), 2.97-2.90 (m, 1H), 2.78 (t, J=9.0 65 2.97-2.90 (m, 1H), 2.80 (t, J=9.5 Hz, 2H), 2.12-2.03 (m, 3H),
Hz, 2H), 2.28-2.20 (m, 2H), 1.92-1.78 (m, 3H), 1.55-1.45 (m,  2.00-1.90 (m, 2H), 1.90-1.80 (m, 2H), 1.36 (s, 9H) ppm;
2H), 1.37 (s, 9H) ppm; LC-MS (m/z): 602.3 [M+1]*. LC-MS (m/z): 602.3 [M+1]*.

60
'H NMR (500 MHz, MeOD): 8,, 8.09 (s, 1H), 7.48 (brs,
1H), 7.40-7.37 (m, 1H), 7.28 (dd, J=10.5 and 1.5 Hz, 1H),
7.21(d, J=4.5 Hz, 1H), 6.65 (d, J=4.5 Hz, 1H), 6.11 (d, I=5.0
Hz, 1H), 4.4 (t, J=6.0 Hz, 1H), 4.13-4.08 (m, 2H), 3.30-3.15
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Benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrotfuro|3,4-d][ 1,3]
dioxol-4-yl)methyl)(methyl)amino)cyclobutyl)pro-
panoate

To a mixture of benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)amino)cyclobutyl)propanoate (3.76 g,
7.2 mmol) and NaBH,CN (5.9 g, 93.6 mmol) in MeOH (40
ml.) was added AcOH to adjust to pH=6. Then, 37% HCHO
(8.7mL, 122.4 mmol) was added and the mixture was stirred
at30° C. for 1.5 h. Water (15 mL) was added and the mixture
was concentrated in vacuo. Then, the mixture was extracted
with DCM (30 mLx3). The combined organic phase was
washed with brine, dried over Na,SO,, filtered and concen-
trated. The crude was purified by SGC (DCM: MeOH=100:
1-20:1)to obtain the target (2.4 g, yield: 67%) as a white solid.
'"H NMR (500 MHz, MeOD): 8,,8.27 (s, 1H), 8.22 (d, J=2.5
Hz, 1H), 7.35-7.30 (m, SH), 6.22 (s, 1H), 5.55-5.52 (m, 1H),
5.09 (s, 2H), 5.04-5.01 (m, 1H), 4.40-4.38 (m, 1H), 2.76-2.65
(m, 3H), 2.29-2.22 (m, 2H), 2.18 (s, 3H), 2.11-1.95 (m, 2H),
1.78-1.71 (m, 2H), 1.64-1.61 (m, 2H), 1.59 (s, 3H), 1.41-1.39
(m, 1H), 1.38 (s, 3H) ppm; ESI-MS (m/z): 537.3 [M+1]".

3-(3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-purin-9-
y1)-2,2-dimethyltetrahydrofuro[3,4-d|[ 1,3]dioxol-4-
yDmethyl)(methyl)amino)cyclobutyl)propanoic acid

To a solution of benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(6-
amino-9H-purin-9-yl)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,
3]dioxol-4-yl)methyl)(methyl )amino )cyclobutyl)propanoate

(2.4 g, 4.48 mmol) in MeOH (40 mL.) was added 10% Pd/C
(2.3 g) and the mixture was stirred under H, atmosphere at
50° C. for 15 h. The mixture was filtered and the filtrate was
concentrated to obtain the target (1.9 g, yield: 95%) as a white
solid. 'H NMR (500 MHz, MeOD): 8, 8.27 (s, 1H), 8.24 (s,
1H), 6.27 (s, 1H), 5.54-5.52 (m, 1H), 5.09-5.07 (m, 1H),
4.50-4.47 (m, 1H), 3.17-3.07 (m, 2H), 3.02-2.90 (m, 1H),
2.39-2.35 (m, 3H), 2.31-2.05 (m, 4H), 1.91-1.70 (m, 2H),
1.64-1.51 (m, 5H), 1.39 (s, 3H), 1.23-1.15 (m, 1H) ppm;
ESI-MS (/z): 447.2 [M+1]".

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((((3aR,4R,
6R,6aR)-6-(6-amino-9H-purin-9-yl1)-2,2-dimethyltet-
rahydrofuro|3,4-d][1,3]dioxol-4-yl)methyl)(methyl)
amino)cyclobutyl)propanamide

To a solution of 3-(3-((((3aR,4R,6R ,6aR )-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoic acid

(1.9 g, 4.26 mmol), HOAT (753 mg, 5.54 mmol), HATU
(2.1 g, 5.54 mmol) and TEA (3 mL, 21.3 mmol) in DCM (40
ml) was added 4-tert-butylbenzene-1,2-diamine (769 mg,
4.69 mmol) and the mixture was stirred at rt for 2 h. Water (15
ml.) was added and the mixture was extracted with DCM (30
ml.x2). The combined organic phase was washed with H,O
(20 mL.x2). The combined organic layers were dried over
Na,SO,, filtered and concentrated. The crude was purified by
SGC (DCM: MeOH=70:1-20:1) to obtain the target (1.8 g,
yield: 72%) as a white solid. "H NMR (500 MHz, MeOD): §,,
8.28 (s, 1H), 8.23 (d, J=3.0 Hz, 1H), 7.10-6.92 (m, 2H),
6.81-6.76 (m, 1H), 6.21 (s, 1H), 5.56 (s, 1H), 5.49 (d, J=3.0
Hz, 1H), 5.01 (s, 1H), 4.36 (s, 1H), 2.69-2.49 (m, 3H), 2.31-
2.27 (m, 2H), 2.13-2.00 (m, 5H), 1.88-1.81 (m, 2H), 1.75-
1.65 (m, 2H), 1.60 (s, 3H), 1.41-1.35 (m, 4H), 1.28-1.25 (m,
9H) ppm; ESI-MS (m/z): 593.4 [M+1]*.
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9-((3aR,4R,6R,6aR)-6-((((1r,38)-3-(2-(5-(tert-butyl)-
1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)(methyl)
amino)methyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,
3]dioxol-4-y1)-9H-purin-6-amine

A solution of N-(2-amino-4-(tert-butyl)phenyl)-3-(3-
((((3aR,4R,6R ,6aR)-6-(6-amino-9H-purin-9-y1)-2,2-dim-
ethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)(methyl)
amino)cyclobutyl)propanamide (1.8 g, 3.04 mmol) in AcOH
(20 mL) was stirred at 65° C. for 15 h. The solution was
concentrated in vacuo and diluted with DCM (30 mL). The
mixture was washed with saturated NaHCO; solution (20
ml.x2) and brine (20 mLx1). The combined organic phase
was dried over Na,SO,, filtered and concentrated to obtain
1.7 g (yield: 97%) of the desired product.

The product was separated by chiral HPLC to obtain 920
mg of cis-isomer and 420 mg of trans-isomer.

Cis-Isomer: 'H NMR (500 MHz, MeOD): §,, 8.27 (s, 1H),
8.21 (s, 1H), 7.48 (s, 1H), 7.40-7.38 (m, 1H), 7.29-7.26 (m,
1H), 6.19 (d, J=2.5 Hz, 1H), 5.55-5.52 (m, 1H), 4.99-4.97 (m,
1H), 4.35-4.31 (m, 1H), 2.77-2.73 (m, 2H), 2.62-2.46 (m,
3H), 2.10-2.01 (m, 4H), 1.84-1.81 (m, 3H), 1.58 (s, 3H),
1.38-1.36 (m, 12H), 1.19-1.14 (m, 3H) ppm; ESI-MS (m/z):
5753 [M+1]".

Trans-isomer: 'H NMR (500 MHz, MeOD): §,, 8.28 (s,
1H), 8.21 (s, 1H), 7.48 (s, 1H), 7.40-7.38 (m, 1H), 7.30-7.27
(m, 1H), 6.19 (d, J=1.5 Hz, 1H), 5.55-5.52 (m, 1H), 5.01-4.98
(m, 1H), 4.36-4.34 (m, 1H), 2.96-2.92 (m, 2H), 2.77 (t,J=7.5
Hz, 2H), 2.58-2.50 (m, 2H), 2.09 (s, 3H), 2.04-1.90 (m, 4H),
1.82-1.79 (m, 1H), 1.70-1.66 (m, 2H), 1.59 (s, 3H), 1.38 (s,
3H), 1.36 (s, 9H) ppm; ESI-MS (nv/z): 575.3 [M+1]".

Compound 87: (2R,3R,48S,5R)-2-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((isopropyl((11,3S)-3-
(2-(5-(trifluoromethoxy)-1H-benzo[ d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)tetrahydrofuran-3,4-

diol
NIL,
Vand )
PN <
Y
F3;CO
HOS ”’/OH
N
\

N
H

A solution of cis-N-(2,4-dimethoxybenzyl)-7-((3aR,4R,
6R,6aR)-6-((isopropyl(3-(2-(5-(triftuoromethoxy)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)amino)methyl)-2,
2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-7H-
pyrrolo[2,3-d|pyrimidin-4-amine (600 mg, 0.77 mmol) in
90% TFA (5 mL) was stirred at 30° C. for 2 h. The volatiles
were removed under reduced pressure. To the residue was
added MeOH (6 ml) and adjusted to pH=9-10 with
NH;.H,O. The mixture was stirred at rt for 30 min and con-
centrated. The residue was purified by Prep-HPLC to afford
the desired compound (260 mg, yield: 57%) as a white solid.
'H NMR (400 MHz, MeOD): 8,,8.09 (s, 1H), 7.52 (d, J=8.8
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Hz, 1H), 7.39 (s, 1H), 7.27 (d, J=4.0 Hz, 1H), 7.12 (dd, ]=8.4
and 0.8 Hz, 1H), 6.64 (d, J=4.0 Hz, 1H), 6.12 (d, J=4.4 Hz,
1H), 4.43 (t,1=5.2 Hz, 1H), 4.11 (t,J=5.2 Hz, 1H), 4.05-4.01
(m, 1H),3.20-3.10 (m, 1H), 3.08-3.00 (m, 1H), 2.88-2.65 (m,
4H), 2.25-2.15 (m, 2H), 1.92-1.82 (m, 3H), 1.65-1.55 (m,
2H), 1.02 (d, J=6.4 Hz, 3H), 0.98 (d, J=6.4 Hz, 3H) ppm; '°F
NMR (400 MHz, MeOD): § -59.80 ppm; ESI-MS (m/z):
590.3 [M+1]*.

Compounds 90 and 75: benzyl 3-(3-((((3 aR,4R,6R,
6aR)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahydro-
furo[3,4-d][1,3]dioxol-4-yl)methyl )amino)
cyclobutyl)propanoate

To a solution of 7-43aR,4R,6R,6aR)-6-(aminomethyl)-2,
2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y1)-N-(2,4-
dimethoxybenzyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(2.5 g, 5.49 mmol), benzyl 3-(3-oxocyclobutyl)propanoate
(1.66 g, 7.14 mmol) and HOAc (329 mg, 5.49 mmol) in DCE
(40 mL) was added NaB(OAc);H (2.33 g, 11 mmol) in one
portion. Then the resulting reaction mixture was stirred at rt
overnight. Saturated aqueous NaHCO, (40 mL) was added to
quench the reaction, then was extracted with DCM (50
ml.x3), dried over anhydrous Na,SO, and concentrated. The
crude was purified by SGC (DCM:MeOH=100:1 to 50:1) to
afford the desired compound (2.3 g, yield: 64%) as a white
solid. 'H NMR (500 MHz, MeOD): 8, 8.14 (d, J=2.5 Hz,
1H), 7.35-7.28 (m, 5SH), 7.20 (d, J=4.0Hz, 1H), 7.13 (d, I=8.0
Hz, 1H), 6.64 (d, J=3.0 Hz, 1H), 6.53 (d, J=2.0 Hz, 1H), 6.42
(d, I=8.5Hz, 1H), 6.18 (d, J=2.5 Hz, 1H), 5.40-5.39 (m, 1H),
5.08-5.07 (m, 2H), 4.96-4.94 (m, 1H), 4.64 (s, 2H), 4.26-4.24
(m, 1H), 3.82 (s, 3H), 3.75 (s, 3H), 3.10-3.05 (m, 0.55H),
2.86-2.82 (m, 2H), 2.26-2.20 (m, 3H), 2.10-1.59 (m, 5H),
1.58 (s, 3H), 1.37 (s, 3H), 1.35-1.25 (m, 0.6H), 1.15-1.08 (m,
0.5H) ppm; LC-MS (m/z): 672.4 [M+1]".

benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-yl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)
propanoate

Benzyl 3-(3-((((3 aR,4R,6R,6aR)-6-(4-((2,4-dimethoxy-
benzyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dim-
ethyltetrahydrofuro[3.4-d][1,3]dioxol-4-yl)methyl )Jamino)
cyclobutyl)propanoate (2.3 g, 3.43 mmol) was mixed with
K,CO; (3.3 g, 24 mmol) and 2-iodopropane (5.8 g, 34.3
mmol) in MeCN (25 mL) in a sealed tube, then heated to 95°
C. with stirring for 20 h. The reaction mixture was filtered and
rinsed with MeCN (30 mL), the filtrate was evaporated in
vacuo to afford the desired compound (2.1 g, yield: 88%) as
a white solid, which was used for next step without further
purification. 'H NMR (500 MHz, MeOD): §,, 8.13 (s, 1H),
7.35-7.29 (m, 5H), 7.18 (d, J=3.0 Hz, 1H), 7.13 (d, J=8.5 Hz,
1H), 6.64 (d, J=3.0 Hz, 1H), 6.53 (d, J=2.5 Hz, 1H), 6.41 (dd,
J=8.5 and 2.5 Hz, 1H), 6.18 (d, J=2.5 Hz, 1H), 5.33-5.32 (m,
1H), 5.08-5.06 (m, 2H), 4.90-4.89 (m, 1H), 4.64 (s, 2H),
4.15-4.14 (m, 1H), 3.83 (s, 3H), 3.75 (s, 3H), 3.37-3.36 (m,
0.43H), 3.01-2.98 (m, 0.59H), 2.92-2.88 (m, 1H), 2.70-2.40
(m, 3H), 2.24-2.18 (m, 2H), 2.10-1.80 (m, 3H), 1.75-1.69 (m,
2H), 1.61-1.52 (m, 5H), 1.38 (s, 3H), 0.94 (d, J=6.5 Hz, 3H),
0.81-0.79 (m, 3H) ppm; LC-MS (m/z): 714.0 [M+1]*.
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3-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-dimethoxyben-
zyl)amino)-7H-pyrrolo[2,3-d|pyrimidin-7-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-y])me-
thyl)(isopropyl)amino)cyclobutyl)propanoic acid

Benzyl 3-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl)amino)-7H-pyrrolo[2,3-d]pyrimi-
din-7-y1)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)
propanoate

(1.5 g, 2.1 mmol) was dissolved in MeOH (25 mL), Pd/C
(10% on carbon, 70% water, 742 mg) was added and the
resultant mixture was stirred at 35° C. under 1 atm H, over-
night. The mixture was then filtered and rinsed with MeOH
(15 mLx3), the filtrate was evaporated in vacuo to afford the
desired compound (1.12 g, yield: 85%) as a white solid,
which was used for next step without further purification. 'H
NMR (500 MHz, MeOD): §,, 8.18 (s, 1H), 7.90 (s, 1H),
7.35-7.32 (m, 1H),7.23-7.22 (m, 1H), 7.12 (d, J=8.5 Hz, 1H),
6.66 (brs, 1H), 6.54 (d, J=2.0 Hz, 1H), 6.43-6.41 (m, 1H),
6.24-6.23 (m, 1H), 5.47-5.46 (m, 1H), 5.13-5.12 (m, 2H),
4.64 (s, 2H), 4.41-4.37 (m, 1H), 3.84 (s, 3H), 3.75 (s, 3H),
3.64-3.58 (0.6H), 3.46-3.40 (m, 1.7H), 2.45-1.60 (m, 9H),
1.57 (s, 3H), 1.38 (s, 3H), 1.11 (d, J=7.0 Hz, 3H), 0.87 (d,
J=6.5 Hz, 3H) ppm; LC-MS (m/z): 624.0 [M+1]*.

N-(2-amino-4-(tert-butyl)phenyl)-3-(3-((((3aR,4R,
6R,6aR)-6-(4-((2,4-dimethoxybenzyl)amino)-7H-
pyrrolo[2,3-d]pyrimidin-7-y1)-2,2-dimethyltetrahy-
drofuro[3,4-d][1,3]dioxol-4-yl)methyl)(isopropyl)
amino)cyclobutyl)propanamide

To a solution of 3-(3-((((3aR,4R,6R,6aR)-6-(4-((2,4-
dimethoxybenzyl )amino)-7H-pyrrolo[2,3-d|pyrimidin-7-
yD)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)me-
thyl)(isopropyl)amino)cyclobutyl)propanoic acid (1.1 g,
1.76 mmol), HATU (1 g, 2.64 mmol), HOAT (359 mg, 2.64
mmol) in DCM (30 mL) was added a solution of 4-tert-
butylbenzene-1,2-diamine (433 mg, 2.64 mmol) and TEA
(533 mg, 5.28 mmol) in DCM (10 mL) dropwise, then the
resultant reaction mixture was stirred at rt overnight. After
diluted with DCM (50 mL), the mixture was washed water
(30 mL.x3), dried and concentrated. The crude was purified by
SGC (DCM:MeOH=100:1 t0 40:1) to afford the desired com-
pound (680 mg, yield: 50%) as a white solid. "H NMR (500
MHz, MeOD): 3,,8.16 (s, 1H), 7.19 (d, I=3.5 Hz, 1H), 7.14-
7.10 (m, 1.7H),6.99-6.97 (m, 0.6H), 6.92 (s, 0.6H), 6.77 (dd,
J=8.0, 2.0 Hz, 1H), 6.66-6.65 (m, 1H), 6.54-6.53 (m, 1H),
6.42 (d, J=8.0 Hz, 1H), 6.20 (d, J=2.0 Hz, 1H), 5.36-5.35 (m,
1H), 4.96-4.95 (m, 1H), 4.65 (s, 2H), 3.83 (s, 3H), 3.75 (s,
3H), 3.17-2.73 (m, 4H), 2.33-1.71 (m, 8H), 1.58 (s, 3H),
1.53-1.50 (m, 1H), 1.38 (s, 3H), 1.28 (s, 9H), 1.0 (d, J=5.5 Hz,
3H), 0.84 (d, J=5.0 Hz, 3H) ppm; LC-MS (m/z): 770.0
[M+17".

7-((3aR,4R,6R,6aR)-6-(((3-(2-(5-(tert-butyl)-1H-
benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)
amino)methyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,
3]dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo
[2,3-d]pyrimidin-4-amine

N-(2-Amino-4-(tert-butyl)phenyl)-3-(3-((((3aR ,4R,6R,
6aR)-6-(4-((2.,4-dimethoxybenzyl)amino)-7H-pyrrolo[2,3-
dJpyrimidin-7-yl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]
dioxol-4-yl)methyl)(isopropyl)amino)cyclobutyl)
propanamide (670 mg, 0.87 mmol) was dissolved in HOAc (8
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ml) and then heated to 65° C. with stirring overnight. Solvent
was removed in vacuo. The residue was dissolved in DCM
(60 mL), then washed with NaHCO; (sat. 20 mL) and water
(20 mL), the organic phase was dried and concentrated. The
crude was purified by Prep-TLC (DCM:MeOH=10:1) to
afford the desired compound (470 mg, yield: 73%) as a white
solid, which was then separated by Chiral HPLC to afford cis
(243 mg) and trans isomers (180 mg) as a white solids.

Cis-isomer: 'H NMR (500 MHz, MeOD): §,, 8.15 (s, 1H),
7.47 (s, 1H), 7.38-7.37 (m, 1H), 7.27 (dd, J=8.5 and 1.5 Hz,
1H), 7.17 (d, J=4.0 Hz, 1H), 7.10 (d, J=8.5 Hz, 1H), 6.65 (d,
J=3.0Hz, 1H), 6.49 (d, J=2.5 Hz, 1H), 6.38 (dd, J=8.0 and 2.5
Hz, 1H), 6.18 (d, I=2.5 Hz, 1H), 5.33 (dd, J=6.5 and 2.5 Hz,
1H), 4.92-4.91 (m, 1H), 4.63 (s, 2H), 4.16-4.15 (m, 1H), 3.78
(s, 3H), 3.72 (s, 3H), 3.08-3.07 (m, 1H), 2.97-2.96 (m, 1H),
2.72-2.66 (m, 4H), 2.09-2.03 (m, 2H), 1.82-1.78 (m, 3H),
1.56 (s, 3H), 1.48-1.40 (m, 2H), 1.38 (s, 3H), 1.36 (s, 9H),
0.95 (d, I=7.0 Hz, 3H), 0.81 (d, J=6.5 Hz, 3H) ppm; LC-MS
(m/z): 752.0 [M+1]™.

Trans-isomer: ‘H NMR (500 MHz, MeOD): §,, 8.14 (s,
1H), 7.47 (s, 1H), 7.38-7.37 (m, 1H), 7.27 (dd, J=8.5and 1.5
Hz, 1H), 7.18 (d, J=3.5 Hz, 1H), 7.10 (d, J=8.0 Hz, 1H), 6.64
(d, I=4.0 Hz, 1H), 6.50 (d, J=2.0 Hz, 1H), 6.39-6.37 (m, 1H),
6.18 (d, J=2.0 Hz, 1H), 5.33 (dd, J=6.0 and 2.5 Hz, 1H), 4.90
(dd, J=6.5 and 3.5 Hz, 1H), 4.62 (s, 2H), 4.17-4.15 (m, 1H),
3.80 (s, 3H), 3.71 (s, 3H), 3.44-3.43 (m, 1H), 2.93-2.90 (m,
1H), 2.77-2.68 (m, 3H), 2.62-2.60 (m, 1H), 2.05-1.93 (m,
5H), 1.68-1.67 (m, 2H), 1.56 (s, 3H), 1.36 (s, 12H), 0.95 (d,
J=7.0 Hz, 3H), 0.81 (d, J=6.5 Hz, 3H) ppm; LC-MS (m/z):
752.0 [M+1]*.

Compound 90: (2R,3R,4S,5R)-2-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1r,3S)-3-(2-(5-(tert-
butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)
(isopropyl)amino)methyl)tetrahydrofuran-3.4-diol

NH,
andd J
)\ N
Y
HOs "”OH

—

=z

To a mixture of TFA (2.7 mL) and water (0.3 mlL) was
added cis isomer-7-((3aR,4R,6R,6aR)-6-(((3-(2-(5-(tert-bu-
tyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)(isopropyl)
amino)methyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]di-
oxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (235 mg, 0.31 mmol). The solution was
allowed to stand at 35° C. for 2 h and evaporated to dryness.
The residue was co-evaporated with methanol twice. Then the
residue was dissolved in MeOH (20 mL). The solution was
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neutralized by K,CO; (124 mg, dissolved in 1 mL of H,O)
with stirring at rt for 1 h. Solvent was removed in vacuo, then
the crude was purified by Prep-HPLC to afford the desired
compound (90 mg, yield: 51%) as a white solid. *"H NMR
(500 MHz, MeOD): 9,, 8.08 (s, 1H), 7.47 (s, 1H), 7.39-7.37
(m, 1H), 7.28 (d, J=2.5 Hz, 1H), 7.26 (d, J=4.5 Hz, 1H), 6.62
(d, I=4.5Hz, 1H), 6.10(d, J=5.5 Hz, 1H), 4.43-4.41 (m, 1H),
4.12-4.09 (m, 1H), 4.04-4.01 (m, 1H), 3.15-3.13 (m, 1H),
3.04-3.01 (m, 1H), 2.86-2.68 (m, 4H), 2.21-2.17 (m, 2H),
1.88-1.85 (m, 3H), 1.60-1.57 (m, 2H), 1.36 (s, 9H), 1.01 (d,
J=8.0 Hz, 3H), 0.97 (d, J=8.0 Hz, 3H) ppm; LC-MS (m/z):
562.5 [M+1]".

Compound 75: (2R,3R,48S,5R)-2-(4-amino-7H-pyr-
rolo[2,3-d]pyrimidin-7-y1)-5-((((1s,3R)-3-(2-(5-(tert-
butyl)-1H-benzo[d]imidazol-2-yl)ethyl)cyclobutyl)
(isopropyl)amino)methyl)tetrahydrofuran-3.4-diol

To a mixture of TFA (2.7 mL) and water (0.3 mL) was
added trans isomer 7-((3aR,4R,6R,6aR)-6-(((3-(2-(5-(tert-
butyl)-1H-benzo|d]imidazol-2-yl)ethyl)cyclobutyl)(isopro-
pyDamino)methyl)-2,2-dimethyltetrahydrofuro|[3,4-d][1,3]
dioxol-4-y1)-N-(2,4-dimethoxybenzyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (175 mg, 0.23 mmol). The solution was
allowed to stand at 35° C. for 2 h and evaporated to dryness.
The residue was co-evaporated with methanol twice. Then the
residue was dissolved in MeOH (20 mL). The solution was
neutralized by K,CO; (97 mg, dissolved in 1 mL of H,0O)
with stirring at rt for 1 h. Solvent was removed in vacuo, then
the crude was purified by Prep-HPLC to afford the desired
compound (95 mg, yield: 71%) as a white solid. '"H NMR
(500 MHz, MeOD): 9,, 8.09 (s, 1H), 7.49 (s, 1H), 7.41-7.39
(m, 1H), 7.30-7.27 (m, 2H), 6.64 (d, J=4.0 Hz, 1H), 6.12 (d,
J=5.5 Hz, 1H), 4.45-4.42 (m, 1H), 4.13-4.11 (m, 1H), 4.05-
4.03 (m, 1H), 3.58-3.54 (m, 1H), 3.06-3.02 (m, 1H), 2.89-
2.80 (m, 3H), 2.74-2.70 (m, 1H), 2.20-2.17 (m, 2H), 2.03-
1.99 (m, 3H), 1.84-1.81 (m, 3H), 1.38 (s, 9H), 1.03 (d, I=8.5
Hz, 3H), 0.98 (d, J=8.0 Hz, 3H) ppm; LC-MS (m/z): 562.5
[M+17".
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Compound 96: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-y1)-5-((methyl((1r,3S)-3-(2-(5-(trifluo-
romethoxy)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)amino )methyl)tetrahydrofuran-3,4-diol

NH,
™
7

Ny o <N \NJ

F5CO

—

Tz

N-(2-amino-4-(trifluoromethoxy)pheny1)-3-(3-((((3
aR 4R,6R,6aR)-6-(6-amino-9H-purin-9-yl)-2,2-dim-
ethyltetrahydrofuro[3.4-d][1,3]dioxo0l-4-yl)methyl)
(methyl)amino)cyclobutyl)propanamide

To a solution of 3-(3-((((3aR,4R,6R ,6aR )-6-(6-amino-9H-
purin-9-y1)-2,2-dimethyltetrahydrofuro[3,4-d][ 1,3 ]dioxol-
4-yDmethyl)(methyl)amino)cyclobutyl)propanoic acid (1.2
g,2.91 mmol), HATU (2.17 g, 5.83 mmol) and HOAT (0.91 g,
5.83 mmol) in DCM (17 mL) were added 4-(trifluo-
romethoxy)benzene-1,2-diamine (1.1 g, 5.83 mmol) and
TEA (2.05 mL, 14.56 mmol). The mixture was stirred at rt
overnight. The mixture was diluted with DCM (50 mL) and
washed with water (15 mI.x3) and brine (30 mL.). The organic
phase was dried over Na,SO,, filtered and concentrated. The
residue was purified by Combi-Flash (40 g silica gel, start
EA:DCM:MeOH=10:10:0 to 10:10:8 by gradient, 40
ml./min, 50 min, 2.0 L total solvent volume) to afford the
desired compound (1.0 g, yield: 60%) as a yellow solid. 'H
NMR (500 MHz, MeOD): §,,8.29 (s, 1H), 8.25-8.24 (m, 1H),
7.20-7.13 (m, 1H), 6.95-6.85 (m, 0.4H), 6.73 (brs, 0.8H), 6.54
(d, J=7.5 Hz, 0.8H), 6.22 (d, J=2.0 Hz, 1H), 5.60-5.55 (m,
1H), 5.03-5.00 (m, 1H), 4.40-4.35 (m, 1H), 3.40-3.35 (m,
0.3H), 3.00-2.92 (m, 0.7H), 2.70-2.47 (m, 3H), 2.36-2.28 (m,
2H), 2.20-1.80 (m, 6H), 1.76-1.66 (m, 2H), 1.60 (s, 3H), 1.40
(s, 3H), 1.26-1.16 (m, 1H) ppm; ESI-MS (m/z): 621.3
[M+17*.

9-((3 aR,4R,6R,6aR)-2,2-dimethyl-6-((methyl(3-(2-
(5-(triftuoromethoxy)-1H-benzo[ d]imidazol-2-y1)
ethyl)cyclobutyl)amino)methyl)tetrahydrofuro[3,4-d]
[1,3]dioxol-4-y1)-9H-purin-6-amine

A solution of N-(2-amino-4-(trifluoromethoxy)phenyl)-3-
(3-((((3aR,4R,6R,6aR)-6-(6-amino-9H-purin-9-y1)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)(me-
thyl)amino)cyclobutyl)propanamide (1.0 g, 1.61 mmol) in
HOACc (10 mL) was stirred at 65° C. overnight. The mixture
was cooled to rt and concentrated. The residue was dissolved
in DCM (50 mL), washed wth saturation NaHCO, solution
(10 mL.x2), water (20 mL) and brine (30 mL). The residue
was separated by chiral HPLC to afford the cis isomer (460
mg, yield: 47%) and the trans isomer (220 mg, yield: 23%).
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cis-isomer: "H NMR (500 MHz, MeOD): 8, 8.28 (s, 1H),
8.23 (s, 1H), 7.53 (d, J=9.0 Hz, 1H), 7.40 (s, 1H), 7.13 (dd,
J=8.5and 1.0Hz, 1H),6.21 (d, ]=2.0Hz, 1H), 5.55 (dd, J=6.5,
2.5 Hz, 1H), 5.01 (q, J=3.5 Hz, 1H), 4.33-4.37 (m, 1H),
2.81-2.78 (m, 2H), 2.66-2.58 (m, 2H), 2.53-2.49 (m, 1H),
2.13-2.03 (m, 5H), 1.86-1.84 (m, 3H), 1.59 (s, 3H), 1.43-1.39
(m, 4H), 1.22-1.17 (m, 1H) ppm; LC-MS (m/z): 603.3
[M+17*.

trans-isomer: 'H NMR (500 MHz, MeOD): §,, 8.29 (s,
1H), 8.22 (s, 1H), 7.52 (brs, 1H), 7.40 (s, 1H), 7.13 (d, I=9.0
Hz, 1H), 6.21 (d, J=2.0 Hz, 1H), 5.55 (dd, J=6.5 and 2.0 Hz,
1H), 5.01 (q, J=3.0 Hz, 1H), 4.38-4.34 (m, 1H), 2.96-2.92 (m,
1H), 2.84-2.81 (m, 2H), 2.59-2.49 (m, 2H), 2.10 (s, 3H),
2.05-1.91 (m, 4H), 1.85-1.79 (m, 1H), 1.73-1.66 (m, 2H),
1.60 (s, 3H), 1.39 (s, 3H) ppm; LC-MS (m/z): 603.3 [M+1]".

Compound 96

A solution of cis-9-((3aR,4R,6R,6aR)-2,2-dimethyl-6-
((methyl(3-(2-(5-(trifluoromethoxy)- 1H-benzo[d]imidazol-
2-yDethyl)cyclobutyl)amino)methyl)tetrahydrofuro|3,4-d]
[1,3]dioxol-4-y1)-9H-purin-6-amine (460 mg, 0.77 mmol) in
1 N HCI/MeOH (10 mL) was stirred at 30° C. for 4 h. The
volatiles were removed under reduced pressure. To the resi-
due was added MeOH (10 mL) and adjusted to pH=10~11
with NH;.H,O. The mixture was stirred at rt for 30 min and
concentrated. The residue was purified by Prep-HPLC to
afford the desired compound (215 mg, yield: 43%) as a white
solid. 'H NMR (500 MHz, MeOD): 8, 8.28 (s, 1H), 8.21 (s,
1H),7.52 (d,J=8.0 Hz, 1H), 7.40 (s, 1H), 7.12 (dd, J=8.5 and
0.5 Hz, 1H), 6.00 (d, J=4.0 Hz, 1H), 4.71 (t, J=4.5 Hz, 1H),
4.24 (t,J=5.5 Hz, 1H), 4.18 (t, J=6.0 Hz, 1H), 2.84-2.81 (m,
2H), 2.77-2.68 (m, 3H), 2.25-2.22 (m, 2H), 2.17 (s, 3H),
1.91-1.89 (m, 3H), 1.51-1.45 (m, 2H) ppm; LC-MS (m/z):
563.3 [M+1]".

Compound 97: (2R,3R,48,5R)-2-(6-amino-9H-pu-
rin-9-y1)-5-((methyl((1s,3R)-3-(2-(5-(trifluo-
romethoxy)-1H-benzo[d]imidazol-2-yl)ethyl)cy-
clobutyl)amino)methyl)tetrahydrofuran-3,4-diol

NH,
N / N
J
(R
\N

F;CO

A solution of trans-9-((3aR,4R,6R,6aR)-2,2-dimethyl-6-
((methyl(3-(2-(5-(trifluoromethoxy)- 1H-benzo[d]imidazol-
2-yDethyl)cyclobutyl)amino)methyl)tetrahydrofuro|3,4-d]
[1,3]dioxol-4-y1)-9H-purin-6-amine (220 mg, 0.37 mmol) in
1 N HCI/MeOH (5 mL) was stirred at 30° C. for 4 h. The
volatiles were removed under reduced pressure. To the resi-
due was added MeOH (10 mL) and adjusted to pH=10~11
with NH;.H,O. The mixture was stirred at rt for 30 min and
concentrated. The residue was purified by Prep-HPLC to
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afford the desired compound (80 mg, yield: 39%) as a white
solid. *H NMR (500 MHz, MeOD): §,, 8.29 (s, 1H), 8.20 (s,
1H), 7.52 (d, J=8.5 Hz, 1H), 7.40 (s, 1H), 7.11 (d, J=8.5 Hz,
1H), 6.00 (d, J=4.0 Hz, 1H), 4.72 (t, J=4.5 Hz, 1H), 4.25 (1,
J=5.5 Hz, 1H), 4.18-4.20 (m, 1H), 3.04-3.08 (m, 1H), 2.83-
2.86 (m, 2H), 2.64-2.72 (m, 2H), 2.17 (s, 3H), 1.97-2.10 (m,
5H), 1.82-1.85 (m, 2H) ppm; LC-MS (m/z): 563.3 [M+1]*.

Compound 106

=niz

To a solution of (2R,3R,4S,5R)-2-(6-amino-9H-purin-9-
yD-5-((((1r,38)-3-(2-(5-(tert-butyl)-1H-benzo[d]imidazol-
2-yDethyl)cyclobutyl)(isopropyl)amino)methyl)tetrahydro-
furan-3,4-diol (300 mg, 0.53 mmol) in 30% aqueous dioxane
(20 mL) was added MCPBA (91 mg, 0.53 mmol). The mix-
ture was stirred at rt for 3 h and was then concentrated. The
crude was purified by Prep-HPLC to obtain the desired prod-
uct (160 mg, Yield: 45%) as a white solid. "H NMR (500
MHz, MeOD): §,, 8.24 (s, 1H), 8.22 (s, 1H), 7.49 (brs, 1H),
7.42-7.38 (m, 1H), 7.31-7.29 (m, 1H), 6.00-5.96 (m, 1H),
4.68-4.65 (m, 2H), 4.43-4.36 (m, 1H), 4.05-4.00 (m, 1H),
3.88-3.76 (m, 1H), 3.68-3.49 (m, 1H), 3.46-3.37 (m, 1H),
2.84-2.81 (m, 2H), 2.42-2.15 (m, 4H), 1.95-1.89 (m, 3H),
139 (s, 1H), 1.35-1.27 (m, 3H), 1.25-1.21 (m, 3H) ppm;
ESI-MS (w/z): 579.4 [M+1]™.

386
Compound 107
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To a solution of (2R,3R,4S,5R)-2-(6-amino-9H-purin-9-
yD-5-((((1s,3R)-3-(2-(5-(tert-butyl)-1H-benzo[d]imidazol -
2-yDethyl)cyclobutyl)(isopropyl)amino)methyl)tetrahydro-
furan-3,4-diol (300 mg, 0.53 mmol) in 30% aqueous dioxane
(20 mL) was added MCPBA (91 mg, 0.53 mmol). The mix-
ture was stirred at rt for 3 h and was then concentrated. The
crude was purified by Prep-HPLC to obtain the desired prod-
uct (80 mg, Yield: 26%) as a white solid. 'HNMR (500 MHz,
MeOD): 9,,8.25-8.22 (m, 2H), 7.49 (brs, 1H), 7.42-7.38 (m,
1H), 7.31-7.28 (m, 1H), 6.02-5.97 (m, 1H), 4.69-4.60 (m,
2H), 4.47-4.32 (m, 2H), 3.86-3.74 (m, 1H), 3.70-3.54 (m,
1H), 3.45-3.35 (m, 1H), 2.97-2.72 (m, 4H), 2.15-1.75 (m,
5H), 1.39 (s, 1H), 1.34-1.28 (m, 3H), 1.26-1.22 (m, 3H) ppm;
ESI-MS (m/z): 579.7 [M+1]".

Example 9
Supercritical Fluid Chromatography

Compounds were purified by Supercritical Fluid Chroma-
tography (SFC) using known techniques. Such as methods
employed by Lotus Separations, LL.C, Princeton, N.J. See,
e.g. http://'www.lotussep.com. See also, http://ww-
w.greenchemistrygroup.org/Program2009.html.

SFC separation conditions for certain examples are listed
below. Other compounds described herein can be separated
by similar methods.

Cmpd

Lotus prep separation conditions

Lotus analytical separation conditions

28

30

31

34

35

36

AD-H (2 x 15 ¢cm) 40%
isopropanol(0.1% DEA))/CO2, 100
bar 70 mL/min, 220 nm. inj vol.: 1
mL, 2.5 mg/mL methanol

AD-H (2 x 15 ¢cm) 35%
isopropanol(0.1% DEA))/CO2, 100
bar 70 mL/min, 220 nm. inj vol.:
0.5-2 mL, 13 mg/mL ethanol
AD-H (2 x 15 ¢cm) 40%
isopropanol(0.1% DEA))/CO2, 100
bar 70 mL/min, 220 nm. inj vol.: 1
mL, 2.5 mg/mL methanol

AD-H (2 x 15 ¢cm) 35%
isopropanol(0.1% DEA))/CO2, 100
bar 70 mL/min, 220 nm. inj vol.:
0.5-2 mL, 13 mg/mL ethanol

IC (2 x 15 ¢cm) 35%
isopropanol(0.2% DEA))/CO2, 100
bar 60 mL/min, 220 nm. inj vol.:
0.75 mL, 4 mg/mL methanol
AD-H (2 x 15 ¢cm) 35%
isopropanol(0.1% DEA))/CO2, 100
bar 70 mL/min, 220 nm. inj vol.:

AD-H(15 x 0.46 cm) 40%
isopropanol(DEA)/CO2, 100 bar 5
mL/min, 220 and 254 nm

AD-H(15 x 0.46 cm) 40%
isopropanol(DEA)/CO2, 100 bar 3
mL/min, 220 and 254 nm

AD-H(15 x 0.46 cm) 40%
isopropanol(DEA)/CO2, 100 bar 5
mL/min, 220 and 254 nm

AD-H(15 x 0.46 cm) 40%
isopropanol(DEA)/CO2, 100 bar 3
mL/min, 220 and 254 nm

IC (15 x 0.46 cm) 40%
isopropanol(DEA)/CO2, 100 bar 3
mL/min, 220 nm

AD-H(15 x 0.46 cm) 40%
isopropanol(DEA)/CO2, 100 bar 3
mL/min, 220 nm
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0.5 mL, 6.7 mg/mL 9:1
methanol:DCM

37 IC (2% 15 em) 30% IC(15 x 0.46 cm) 30%
isopropanol(0.2% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: 1 mL/min, 280 nm
mL, 2.6 mg/mL methanol

38  Lux-3(2x 15cm)30% Lux-3 (15 x 0.46 cm) 25%
ethanol(0.2% DEA))/CO2, 100 bar ethanol(NH4OH)/CO2, 100 bar 3
65 mL/min, 220 nm. inj vol.: 0.4 mL/min, 220 nm
mL, 6.2 mg/mL methanol

39 AD-H (2 x 15 ¢cm) 35% AD-H(15 x 0.46 cm) 40%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 70 mL/min, 220 nm. inj vol.: mL/min, 220 nm
0.5 mL, 6.7 mg/mL 9:1
methanol:DCM

40  AD-H (2 x 15 cm) 40% AD-H (15 x 0.46 cm) 40%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 280 nm
0.5-1 mL, 8.1 mg/mL methanol

41 Premier (2 x 25 cm) 30% Premier (25 x 0.46 cm) 25%
methanol(0.1% DEA))CO2, 100 bar ~ methanol(DEA)/CO2, 100 bar 3
60 ml/min, 220 nm. Inj vol.: 1 mL, mL/min, 220 nm
20 mg/mL methanol

46 Lux-3 (2x 15cm) 25% Lux-3 (15 x 0.46 cm) 30%
ethanol(0.1% NH40H))/CO2, 100 ethanol(NH4OH)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 220 nm
0.3 mL, 2 mg/mL methanol

47  AD-H (2 x 15 em) 30% AD-H(15 x 0.46 cm) 40%
ethanol(0.1% DEA))/CO2, 100 bar ethanol(DEA)/CO2, 100 bar 3
65 mL/min, 220 nm. inj vol.: 0.5 mL/min, 280 nm
mL, 12 mg/mL methanol

48  AD-H (2 x 15 cm) 40% 1:1 AD-H(15 x 0.46 cm) 50% 1:1
heptane:ethanol(0.1% DEA))/CO?2, heptane:ethanol(DEA)/CO2, 100 bar 3
100 bar 65 mL/min, 220 nm. inj mL/min, 280 nm
vol.: 0.5 mL, 25 mg/mL ethanol

49 Lux-3 (2x 15 cm) 30% Lux-3 (15 x 0.46 cm) 25%
ethanol(0.2% DEA))/CO2, 100 bar ethanol(NH4OH)/CO2, 100 bar 3
65 mL/min, 220 nm. inj vol.: 0.4 mL/min, 220 nm
mL, 6.2 mg/mL methanol

51  Lux-3(2x 15cm)25% Lux-3 (15 x 0.46 cm) 30%
ethanol(0.1% NH40H))/CO2, 100 ethanol(NH4OH)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 220 nm
0.3 mL, 2 mg/mL methanol

52 AD-H (2 x 15 cm) 40% AD-H (15 x 0.46 cm) 40%
ethanol(0.2% DEA))/CO2, 100 bar ethanol(DEA)/CO2, 100 bar 3
60 mL/min, 220 nm. inj vol.: 0.5 mL/min, 280 nm
mL, 10 mg/mL methanol

53 AD-H (2 x 15 cm) 40% 1:1 AD-H(15 x 0.46 cm) 50% 1:1
heptane:ethanol(0.1% DEA))/CO?2, heptane:ethanol(DEA)/CO2, 100 bar 3
100 bar 65 mL/min, 220 nm. inj mL/min, 280 nm
vol.: 0.5 mL, 25 mg/mL ethanol

54 AD-H (2 x 15 cm) 40% AD-H (15 x 0.46 cm) 40%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 280 nm
0.5-1 mL, 8.1 mg/mL methanol

55 AD-H (2 x 15 cm) 30% AD-H(15 x 0.46 cm) 40%
ethanol(0.1% DEA))/CO2, 100 bar ethanol(DEA)/CO2, 100 bar 3
65 mL/min, 220 nm. inj vol.: 0.5 mL/min, 280 nm
mL, 12 mg/mL methanol

57 IC (2 x 15 em) 30% IC(15 x 0.46 cm) 30%
isopropanol(0.2% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: 1 mL/min, 280 nm
mL, 2.6 mg/mL methanol

58  AD-H (2 x 15 cm) 40% AD-H (15 x 0.46 cm) 40%
ethanol(0.2% DEA))/CO2, 100 bar ethanol(DEA)/CO2, 100 bar 3
60 mL/min, 220 nm. inj vol.: 0.5 mL/min, 280 nm
mL, 10 mg/mL methanol

60  AD-H (2 x 15 cm) 30% AD-H(15 x 0.46 cm) 25%
ethanol(0.1% DEA))/CO2, 100 bar ethanol(DEA)/CO2, 100 bar 3
60 mL/min, 220 nm, inj vol.: 0.5 mL/min, 280 nm
mL, 10 mg/mL methanol

61  AD-H (2 x 15 cm) 30% AD-H(15 x 0.46 cm) 25%
ethanol(0.1% DEA))/CO2, 100 bar ethanol(DEA)/CO2, 100 bar 3
60 mL/min, 220 nm. inj vol.: 0.5 mL/min, 280 nm
mL, 10 mg/mL methanol

63  AD-H (2 x 15 cm) 38% AD-H(15 x 0.46 cm) 40%

methanol(0.1% DEA))/CO2, 100

methanol(DEA)/CO2, 100 bar 3
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bar 70 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
1.5 mL, 11.8 mg/mL methanol
65 AD-H (2 x 15 cm) 38% AD-H(15 x 0.46 cm) 40%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 70 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
1.5 mL, 11.8 mg/mL methanol
69 IC (2x 15 cm) 35% IC (15 x 0.46 cm) 40%

isopropanol(0.2% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 60 mL/min, 220 nm. inj vol.: mL/min, 220 nm
0.75 mL, 4 mg/mL methanol

114  LUX2 (2 x 15 cm) 45% LUX2 (15 x 0.46 cm) 45%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 5
bar 60 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.75 mL, 5.6 mg/mL
methanol:DCM

114 OZ-H (3 x 25 cm) 40% OZ-H(15 x 0.46 cm) 40%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
1.75 mL, 10 mg/mL methanol

115 LUX2 (2 x 15 cm) 45% LUX2 (15 x 0.46 cm) 45%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 5
bar 60 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.75 mL, 5.6 mg/mL
methanol:DCM

115  OZ-H (3 x 25 cm) 40% OZ-H(15 x 0.46 cm) 40%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
1.75 mL, 10 mg/mL methanol

116 LUX-2 (2 x 15 cm) 35% LUX-2(15 x 0.46 cm) 45%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 70 mL/min, 220 nm. inj vol.: 1 mL/min, 220 nm
mL, 8.5 mg/mL methanol

119 LUX-2 (2 x 15 cm) 35% LUX-2(15 x 0.46 cm) 45%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 70 mL/min, 220 nm. inj vol.: 1 mL/min, 220 nm
mL, 8.5 mg/mL methanol

121 OZ-H (3 x 25 cm) 40% OZ-H(15 x 0.46 cm) 40%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: 2 mL/min, 220 and 254 nm
mL, 14 mg/mL methanol

122 OZ-H (3 x 25 cm) 40% OZ-H(15 x 0.46 cm) 40%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: 2 mL/min, 220 and 254 nm
mL, 14 mg/mL methanol

123 OZ-H (3 x 25 cm) 40% OZ-H(15 x 0.46 cm) 40%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.8 mL, 19 mg/mL methanol

124 OZ-H (3 x 25 cm) 40% OZ-H(15 x 0.46 cm) 40%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.8 mL, 19 mg/mL methanol

128  AD-H (2 x 15 cm) 30% AD-H(15 x 0.46 cm) 40%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.5-2 mL, 20 mg/mL methanol

129 AD-H (2 x 15 cm) 30% AD-H(15 x 0.46 cm) 40%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 65 mL/min, 220 nm, inj vol.: mL/min, 220 and 254 nm
0.5-2 mL, 20 mg/mL methanol

131  AD-H (2 x 15 ¢cm) 30% AD-H(15 x 0.46 cm) 30%
methanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 70 mL/min, 220 nm. inj vol.: 1 mL/min, 220 and 254 nm
mL, 15 mg/mL methanol

132 AD-H (2 x 15 ¢cm) 30% AD-H(15 x 0.46 cm) 30%
methanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 70 mL/min, 220 nm. inj vol.: 1 mL/min, 220 and 254 nm
mL, 15 mg/mL methanol

133 AD-H (2 x 15 cm) 30% AD-H(15 x 0.46 cm) 30%
methanol(0.1% DEA))/CO2, 100 methanol(DEA)/CO2, 100 bar 4
bar 70 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.5 mL, 7.7 mg/mL methanol

134 AD-H (2 x 15 cm) 30% AD-H(15 x 0.46 cm) 30%

methanol(0.1% DEA))/CO2, 100
bar 70 mL/min, 220 nm. inj vol.:
0.5 mL, 7.7 mg/mL methanol

methanol(DEA)/CO2, 100 bar 4
mL/min, 220 and 254 nm
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taining compound and transferring back to the assay plate.
Cells were counted periodically using the Guava Viacount
assay and read on the EasyCyte Plus instrument (Millipore).
Assay plates were split when necessary to within recom-

135  AD-H (2 x 15 om) 30% AD-H(15 x 0.46 om) 30%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 70 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.75 mL, 15 mg/mL methanol

136 AD-H (2 x 15 om) 30% AD-H(15 x 0.46 om) 30%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 70 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.75 mL, 15 mg/mL methanol

137 IC (2x 15 cm) 35% IC(15 x 0.46 om) 35%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 60 mL/min, 220 nm. inj vol.: mL/min, 220 and 254nm
0.5 mL, 10 mg/mL methanol

138 IC (2 x 15 cm) 35% IC(15 x 0.46 om) 35%
isopropanol(0.1% DEA))/CO2, 100 isopropanol(DEA)/CO2, 100 bar 3
bar 60 mL/min, 220 nm. inj vol.: mL/min, 220 and 254 nm
0.5 mL, 10 mg/mL methanol

Example 10 20
Bioassay Protocol and General Methods
Cell Culture.

Human hematological tumor cell lines THP-1, RS4;11,
and MV4-11 were obtained from ATCC, MOLM-13 cells
were obtained from DSMZ. All lines were grown in RPMI
1640 containing 10% FBS and maintained using the vendors
recommended cell densities and environmental conditions.
Media was supplemented with non essential amino acids and
L-Glutamine. THP-1 cells were also supplemented with 0.05
mM B-Mercaptoethanol.

Methylation Analysis.

Cells were seeded at 5x10° cells/mL in a 12 well plate at a
final volume of 2 mLs. Cells were dosed with compounds to
the appropriate concentration from a 50 mM DMSO stock
solution. Compound and media were refreshed every two
days over the course of seven day incubation by counting cells
using trypan blue exclusion (Vicell), pelleting at 200 g for 5
minutes and resuspending in fresh media containing com-
pound at a final cell concentration of 5x10° cells/mL. Follow-
ing compound incubation, histones were extracted from
1x10° cells using a commercial histone extraction kit (Active
Motif). Purified histones were quantitated using the BCA
protein assay (Pierce) with a BSA standard curve. 400 ng of
isolated histones were fractionated by SDS-PAGE on a
4-20% gel and transferred to nitrocellulose membranes.
Membranes were incubated with various primary and sec-
ondary antibodies and imaged on the Licor imaging system
(Odyssey). The H3K79-Me2 rabbit polyclonal was pur-
chased from Abcam. Other rabbit polyclonal antibodies
including H3K4-Me3, H3K9-Me3, H3K27-Me2, and
H3K27-Me3 were purchased from Cell Signaling Technolo-
gies (CST). A mouse monoclonal total H3 antibody was used
as a loading control (CST). Fluorescently labeled secondary
antibodies were purchased from Odyssey.

Cell Growth and Viability Analysis.

Cells were harvested from exponentially growing cell cul-
tures and seeded at 3x10* cells per well. Samples were main-
tained in a 96 well black walled clear bottom plate (Corning).
A final concentration of 50 uM compound in 0.2% DMSO
was added to the appropriate wells on Day 0. Treatment of
MV4-11 and MOLM-13 lasted 14 days, while THP-1 cells
were treated for 18 days. Compound and media were replaced
every two days during incubation by transferring samples to a
V-bottom plate (Corning), spinning at 200 g for 5 minutes in
a room temperature rotor, resuspending in fresh media con-
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mended cell densities. Final cell counts were adjusted to take
cell splits into account and reported as total viable cells/well.

HOXA9 (qPCR).

Cells were treated with compound for 7 days similar to
methylation assay. Cell were pelleted at 200 g in a room
temperature rotor and total RNA isolated using the Qiagen
RNeasy kit. RNA concentration and quality was determined
by using the Nanovue (GE Healthcare). Total RNA was
reverse transcribed using a high capacity cDNA reverse tran-
scription kit (Applied Biosystems). A predesigned labeled
primer set for HOX A9 was purchased from Applied Biosys-
tems. qPCR reactions contained 50 ng cDNA, 1x labeled
primer and 1x Tagman universal PCR master mix (Applied
Biosystems). Samples were run on a 7900 HT Fast Real Time
PCR machine (Applied Biosystems) with PCR conditions of
2 min 50° C., 10 min 95° C., 40 cycles at 15 sec 95° C. and 1
min 60° C. HOXA9 cycle numbers were normalized to the
house keeping gene B2 microglobulin (B2M predesigned
control from Applied Biosystems). Percent of DMSO control
was calculated with the equation, percent control=(2"~24<7)
*100 where the AACT is the difference between normalized
HOXA9 sample and control (ACT sample-ACT
control=AACT).

Determination of ICs,.

Test compounds were serially diluted 3 fold in DMSO for
10 points and 1 pl was plated in a 384 well microtiter plate.
Positive control (100% inhibition standard) was 2.5 uM final
concentration of S-adenosyl-L-homocysteine and negative
control (0% inhibition standard) contained 1 pl of DMSO.
Compound was then incubated for 30 minutes with 40 pl per
well of DOT1L(1-416) (0.25 nM final concentration in assay
buffer: 20mM TRIS, pH 8.0, 10 mM NaCl, 0.002% Tween20,
0.005% Bovine Skin Gelatin, 100 mM KCIl, and 0.5 mM
DTT). 10 ul per well of substrate mix (same assay buffer with
200 nM S-[methyl->H]-adenosyl-L. methionine, 600 nM of
unlabeled S-[methyl->H]-adenosyl-L methionine, and 20 nM
oligonucleosome) was added to initiate the reaction. Reaction
was incubated for 120 minutes at room temperature and
quenched with 10 ul per well of 100 uM 5-methyl-adenosyl-L
methionine. For detection, substrate from 50 pl of reaction
was immobilized on a 384 well Streptavidin coated Flash-
plate (Perkin Elmer) (also coated with 0.2% polyethylene-
imine) and read on a Top Count scintillation counter (Perkin
Elmer). ICs, values are presented in the table below. In this
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table, “A” indicates IC;, values of <0.1 uM; “B” indicates
1C,, values of >0.1 pM and <1 uM; “C” indicates IC,, values
of >1 uM and <10 uM; and “D” indicates IC,, values of >10

uM and <50 uM

Compound#
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Example 11
Tumor Anti-Proliferation Assays

In Vitro Anti-Proliferative Assay.

The potency and selectivity of the anti-proliferative activ-
ity of the compounds of the present invention were assessed
using a panel of MLL-rearranged and non-MLL-rearranged
human leukemia cell lines. The cell lines used in the study are
listed in FIG. 1A. The MLL-rearranged panel included cell
lines derived from ALL, AML and biphenotypic leukemias
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harboring MLL-AF4, MLL-AF9 or MLL-ENL {fusions.
These cell lines recruit DOT1L. The panel also included five
cell lines that do not possess an MLL-rearrangement, and one
cell line that bears a partial tandem duplication of the MLL
gene (MLL-PTD).

Exponentially growing cells were plated, in triplicate, in
96-well plates at a density of 3x10* cells/well in a final vol-
ume of 150 ul. Cells were incubated in the presence of
increasing concentrations of Compound 2. Anti-proliferative
activity was determined by cell viability measurements every
3-4 days for up to 14 days. On days of cell counts, growth
media and Compound 2 were replaced and cells split back to
a density of 5x10% cells/well.

The half maximal inhibitory concentration (IC,,) results in
FIG. 1 show that Compound 2 demonstrates potent nanomo-
lar anti-proliferative activity against three of four MLL-rear-
ranged cell lines tested (MV4;11 (MLL-AF4), MOLM-13
(MLL-AF9), and KOPN-8 (MLL-ENL). EOL-1 cells which
express an MLL-PTD were also highly sensitive to Com-
pound 2 (IC5,=11 nM). RS4;11 cells and two non MLL-
rearranged cells (Reh and Kasumi-1) were 1-3 log orders less
sensitive, and two non-MLL-rearranged cells (Jurkat and
HL-60) showed no activity. Overall, the results indicate that
Compound 2 potently and selectively inhibits the prolifera-
tion of MLL-rearranged leukemia cell lines and a subset of
non-MLL-rearranged leukemia cell lines.

In Vivo Anti-Proliferative Assay.

The in vivo anti-tumor activity of the compounds of the
present invention were assessed in a mouse xenograft model
of MLL-rearranged leukemia.

Four groups of 20 (Groups 1, 3, 4 and 5), and one group of
8 (Group 2) female nude mice (average weight of 0.023 kg)
bearing MV4-11 xenograft tumors of sizes ranging from
80-120 mm® were implanted subcutaneously with
minipumps (Alzet Model 2001). Group 1 received vehicle
only from the pump. Group 2 received vehicle only from the
pump plus ip injections tid (8 hours apart) of vehicle. Group
3 received 112 mg/kg/day from the pump plus ip injections tid
(8 hours apart) of 20 mg/kg of Compound 2 for a total daily
dose of 172 mg/kg/day. Group 4 and 5 received 112 and 56
mg/kg/day of Compound 2 from the pumps, respectively.
Pumps were designed to last for 7 days and were exchanged
twice to give total infusion duration of 21 days exposure.

A single blood sample was taken from all animals in
Groups 4 and 5 on days 7, 14, and 21 and assayed for plasma
levels of Compound 2. Blood samples were taken from Group
3 ondays 7 and 14 at the following time points (3 animals per
time point): 5 minutes pre-ip dose, and 15 min, 30 min, 1, 2,
and 4 hours post ip dose. On day 21 three hours after the last
ip injection, a single blood sample was taken from Group 3.
Tumor size was measured every 4 days. After 21 days the
study was terminated, and mean TGI calculated.

FIG. 2 shows the tumor growth over the 21 days of dosing.
There was no difference in tumor size between the two
vehicle control groups. The high dose minipump group
supplemented with ip dosing showed a statistically signifi-
cant TGI of >70% compared to the controls. The 56 and 112
mg/kg/day groups showed non-statistically significant TGI
values of 43 and 38%, respectively, compared to controls.
Compound 2 is referred to as Ex. 2 in FIG. 2.

FIG. 3A shows the estimated steady state plasma concen-
trations of Compound 2 in Groups 4 and 5 as determined by
the averaged blood samples taken on days 7, 14, and 21. The
data suggest that the average steady state Compound 2 plasma
levels ranged from 99 to 152 ng/ml for Group 4, and 52 to 238
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ng/ml for Group 5. The average plasma level from the last
sampling on day 21 was 99 ng/ml for Group 4 and 52 ng/ml
for Group 5.

FIG. 3B shows the Compound 2 plasma concentrations
plotted against time after ip injection. The ip injections pro-
duced a significant increase in plasma exposure to Compound
2 in turns of both the C,,, (4200 to 5000 ng/ml) after each of
the tid injections and the daily AUCs over those produced by
the steady state plasma level resulting from the continuous
infusion. Overall, the results indicate that Compound 2 dem-
onstrated significant anti-tumor activity in a mouse xenograft
model of MLL-rearranged leukemia.

INCORPORATION BY REFERENCE

The entire disclosure of each of the patent documents and
scientific articles referred to herein is incorporated by refer-
ence for all purposes.

EQUIVALENTS

The invention can be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The foregoing embodiments are therefore to be con-
sidered in all respects illustrative rather than limiting on the
invention described herein. Scope of the invention is thus
indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning
and range of equivalency of the claims are intended to be
embraced therein.

What is claimed is:

1. A compound of Formula (IV) or its N-oxide or a phar-
maceutically acceptable salt thereof:

av)

R,
Ry N R, X Q
m \Q_<
N A
Ry o N\/\g @N
Ry Y <
§ Z Ry,
HO OH
wherein
Ais O or CH,;

Qis H, NH,, NHR,, NR,R_, OH, R,, or OR,, in which
eachofR,and R independently is C,-C; alkyl, C,-Cq
alkenyl, C,-C; alkynyl, C;-Cy cycloalkyl, C4-C,,
aryl, 4 to 7-membered heterocycloalkyl, 5 to
10-membered heteroaryl, or -M;-T, in which M, is a
bond or C,-C; alkyl linker optionally substituted with
halo, cyano, hydroxyl or C,-C, alkoxyl and T, is
C,-C, cycloalkyl, C,-C, , aryl, 4 to 6-membered het-
erocycloalkyl, or 5 to 10-membered heteroaryl, or R,
and R, together with the N atom to which they attach,
form 4 to 7-membered heterocycloalkyl having 0 or 1
additional heteroatoms to the N atom optionally sub-
stituted with C,-C; alkyl, C,-C alkenyl, C,-C alky-
nyl, halo, hydroxyl, carboxyl, C(O)OH, C(O)O—C, -
C, alkyl, OC(O)—C,-C, alkyl, cyano, C,-C alkoxyl,
amino, mono-C,-C, alkylamino, di-C,-Cy alky-
lamino, C;-Cg cycloalkyl, C4-C,, aryl, 4 to 6-mem-
bered heterocycloalkyl, or 5 to 6-membered het-
eroaryl, and each of R,, R, and T, is optionally
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substituted with one or more substituents selected
from the group consisting of C,-Cy alkyl, C,-C alk-
enyl, C,-C; alkynyl, halo, hydroxyl, carboxyl, cyano,
C,-C¢ alkoxyl, amino, mono-C,-C4 alkylamino,
di-C,-C; alkylamino, C;-C, cycloalkyl, C4-C, , aryl,
4 to 6-membered heterocycloalkyl, and 5 to 6-mem-
bered heteroaryl;

X is N or CR,, in which R, is H, halo, hydroxyl, car-
boxyl, cyano, orRg,, R, being amino, C,-C alkoxyl,
C,-Cs alkyl, C,-C; alkenyl, C,-Cq alkynyl, C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, or 5 to 6-membered heteroaryl, and Rg,
being optionally substituted with one or more sub-
stituents selected from the group consisting of halo,
hydroxyl, carboxyl, cyano, C,-Cy alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C; alkylamino,
C;-C4 cycloalkyl, C,-C,, aryl, 4 to 6-membered het-
erocycloalkyl, and 5 to 6-membered heteroaryl;

Y is H, R, SO,R,, or COR,, R, being C,-C; alkyl,
C,-Cy alkenyl, C,-C, alkynyl, C;-Cg cycloalkyl,
Cy-C,, aryl, 4 to 6-membered heterocycloalkyl, or 5
to 6-membered heteroaryl, and R, being optionally
substituted with one or more substituents selected
from the group consisting of C,-C; alkyl, C,-C; alk-
enyl, C,-C; alkynyl, halo, hydroxyl, carboxyl, cyano,
C,-C; alkoxyl, C,-C, alkylsulfonyl, amino, mono-
C,-C¢ alkylamino, di-C,-C; alkylamino, C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, and 5 to 6-membered heteroaryl and each of
which C;-Cy4 cycloalkyl, C,-C,, aryl, 4 to 6-mem-
bered heterocycloalkyl, and 5 to 6-membered het-
eroaryl substituents on R, is further optionally substi-
tuted with C,-C; alkyl, C,-Cg alkenyl, C,-C, alkynyl,
halo, hydroxyl, carboxyl, C(O)OH, C(O)O—C,-Cq
alkyl, OC(O)—C,-C; alkyl, cyano, C,-C, alkoxyl,
amino, mono-C,-C, alkylamino, di-C,-C, alky-
lamino, C5-Cq cycloalkyl, C,-C,, aryl, 4 to 6-mem-
bered heterocycloalkyl, or 5 to 6-membered het-
eroaryl;

each of R, and R, independently, is H, halo, hydroxyl,
carboxyl, cyano, Rg,, Ry, being amino, C,-Cq
alkoxyl, C,-C,alkyl, C,-C, alkenyl, or C,-C alkynyl,
and each R, being optionally substituted with one or
more substituents selected from the group consisting
of halo, hydroxyl, carboxyl, cyano, C,-C4 alkoxyl,
amino, mono-C,-C, alkylamino, di-C,-C, alky-
lamino, C;-Cy cycloalkyl, C,-C,, aryl, 4 to 6-mem-
bered heterocycloalkyl, and 5 to 6-membered het-
eroaryl;

each of R,, R; R, and R, independently is -M,-T,, in
which M, is abond, SO,, SO, S, CO, CO,, 0,0—C, -
C, alkyl linker, C,-C, alkyl linker, NH, or N(R,), R,
being C,-C; alkyl, and T, is H, halo, or Rg,, R, being
C,-C; alkyl, C,-C, alkenyl, C,-C alkynyl, C;-Cq
cycloalkyl, C4-C,, aryl, 4 to 8-membered heterocy-
cloalkyl, or 5 to 10-membered heteroaryl, and each of
0-C,-C, alkyl linker, C,-C, alkyl linker, R,, and R,
being optionally substituted with one or more sub-
stituents selected from the group consisting of halo,
hydroxyl, carboxyl, cyano, C,-Cg alkyl, C,-C, alk-
enyl, C,-C, alkynyl, C,-C, alkoxyl, amino, mono-C, -
Cs alkylamino, di-C,-C4 alkylamino, C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 6-membered heterocy-
cloalkyl, and 5 to 6-membered heteroaryl, and

mis 0, 1, or 2.

2. The compound of claim 1, wherein A is O.
3. The compound of claim 1, wherein A is O and m is 2.
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4. The compound of claim 1, wherein X is N.

5. The compound of claim 1, wherein Q is NH, or NHR,,
inwhich R, is -M;-T,, M, being a bond or C,-C; alkyl linker
and T, being C;-C, cycloalkyl.

6. The compound of claim 1, wherein R, and R,, are each
H.

7. The compound of claim 1, wherein Y is R ;.

8. The compound of claim 7, wherein R, is C,-C, alkyl
optionally substituted with C;-Cg cycloalkyl or halo.

9. The compound of claim 7, wherein R, is C;-Cq
cycloalkyl optionally substituted with C,-C, alkyl or halo.

10. The compound of claim 1, wherein at least one of R,
R, R, and R, is halo, C,-C; alkoxyl optionally substituted
with one or more halo; C,-C; alkylsulfonyl optionally sub-
stituted with one or more halo; C,-C alkyl optionally substi-
tuted with one or more substituents selected from CN, halo,
C;-Cq cycloalkyl, hydroxy, and C,-Cg alkoxyl; C;-Cq
cycloalkyl optionally substituted with one or more C,-Cq
alkyl or CN; or 4 to 8-membered heterocycloalkyl optionally
substituted with one or more substituents selected from CN,
halo, hydroxy, C,-C, alkyl and C, -C, alkoxyl.

11. The compound of claim 10, wherein at least one of R,
R, R,, and R, is selected from the group consisting of F; CI;
Br; CF;; OCFj5; SO,CF5; oxetanyl optionally substituted with
one or more substituents selected from CN, halo, hydroxy,
C,-Cq alkyl and C,-C alkoxyl; C,-Cy4 cycloalkyl optionally
substituted with one or more substituents selected from C,-C,,
alkyl; and C, -C, alkyl optionally substituted with one or more
substituents selected from halo, C,-C4 cycloalkyl, hydroxy

and C,-C4 alkoxyl.

12. A compound selected from
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and pharmaceutically acceptable salts thereof.

13. A pharmaceutical composition comprising a therapeu-
tically effective amount of a compound of claim 1 and a
pharmaceutically acceptable carrier.

14. A pharmaceutical composition comprising a therapeu-
tically effective amount of a compound of claim 12 and a
pharmaceutically acceptable carrier.
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15. A method of treating cancer comprising administering
to a subject in need thereof a therapeutically effective amount
of the composition of claim 13.

16. A method of treating hematological cancer comprising
administering to a subject in need thereof a therapeutically
effective amount of the composition of claim 13.

17. A method of treating leukemia comprising administer-
ing to a subject in need thereof a therapeutically effective
amount of the composition of claim 13.

18. A method of claim 17, wherein the leukemia is acute
myeloid leukemia, acute lymphocytic leukemia or mixed lin-
eage leukemia.

19. A method of treating a MLL-rearranged leukemia,
comprising administering to a subject in need thereof a thera-
peutically effective amount of the composition of claim 13.

20. A method of treating a leukemia characterized by a
partial tandem duplication of the MLL gene (MLL-PTD),
comprising administering to a subject in need thereof a thera-
peutically effective amount of the composition of claim 13.
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